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PREFACE. 


The present rolnme has been written at the desire on the 
part of the Publishers that a new elementary treatise on 
Physiology should be added to the series of admirable students’ 
manuals which they had previously issued. ^ 

In carrying this desire into execution I have endeavoured 
to avoid theories which have not borne the test of time, 

ft, 

and Buc^ details of methods as are unnecessary for junior 
students. 1 do not give any history of how onr knowledge 
has grown to its present standpoint ; nor do I mention the 
names of the authorities upon whose writings my statements 
depend. have also omitted' the mention of exceptional 
points, because I find sthat ex(%«Ions are more easily remem* 
bered thpn the main facts irojn which they differ ; and, since 
we must often be content iKth the retention of the one or 
the other, I have tried to ensure that it diall be the 
more important. 

While endeafouring to Aave the student from donbtftil and 
erroneous doctrines, I have taken great care not to omit any 
important facts that are necessary to his acquirement of as 
dear an idea as possible of the principles of Physid<^. 

I have not hesitated to lay unwonted si^ess upon those 
points which many years' practical experience as a teacher 
and an examiner has shown me are difficult to grasp and 
are commonly misunderstood ; and I have treated sn^ subjects 
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m core asefal in the practice of medicine or surgerj^more fully 
than t^ose wkich az% essential only to abstract my Biological 
knowledge. f * 

As medical stud^ts are generally obliged to commence the 
study of Physiology without any anatomical knowledge, I 
believe it to be absolutely necessary that their firs^ physio- 
logical book should contain some account of the structure and 
relationships of the organs, the functions of which they are 
about to study. I have therefore added a short account of the 
construction of the various parts discussed in each chapter ; 
•it has, however, been found necessary to curtail this ana- 
tomical portion to a mere introductory sketch. Nignerous 
illn^Ations, with hill descriptions a^tache*h to each, are intro- 
duced to sujqp^lement the explanation given in the text. 

So far as i# consistent with an accurate treatment of the 
subject, I have avoided technical terms and fiQentific modes of 
expression. I know that in attempting to explain physiological 
truths in every-day language and in a plain comman-sense way, 
I run the risk of appearing to lack the precision that such a 
subject demands f but after mtture consideration I hav^come 
to the conclusion that grea£:::3{Sentific i^iic^ty and a scholastic 
style of expression have a deterrent effect upon the ^ginner’s 
industry ; and I think it better that he should acquire the first 
l^nciples of the science in homely language, than pick up 
technical odds and ends in learned terms, the meaning of 
which he does not comprehend. • ^ 

As many words, strange to the first year’s student, have to 
be used and must be learned, it has been thought advisable 
U} add a short glossary, containing an explanation of the most 
ordinary physiolcg^ical expressions. 

Great difficulty is always found in fixing upon a stmrtiug 
point at which to begin the study of Physiology. To begin 
prith the drcnlatiou of the blbod, which is so essential for 
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the life of Ifey tissue, one should hare some knowledge of 
nerve and^|l«cle. To begin with nerv& and muscles the 
mechanism^ the uses of the blood current should be 
understood ; iSilL so on throughout the various systems, which 
are so inter-dep^dent that, for the thorough comprehension 
of any a knowledge of all is required. 

I hav#, therefore, adopted the time-honoured plan of com- 
mencing with the vegetative systems and following the course 
of the aliments to their destination and final application, as I 
believe that this arrangement is open to as few objections as 
any other known to me. 

I wish here to express my most cordial thanks to many 
friends who have aided m^ijwith kind assistance and advice. I 
am deeply indebted to Mr. W. Tyrrell Brooks for the great 
help he afibrded me by compiling the chapters on De- 
velopment ; and^L* feel I cannot sufficiently thwik Mr. E. P. 
Herroun for his untiring and valuable assistance in the re- 
vision of the proof sheets. 

To Mr. 6. Hanlon I am indebted for the careful and skilful 
manner in* which he has execuJed the new" w^oodcuts, most of 
which he had to copji flom my TOUgh drawings. 


King’s College, London, 
Janiuiry, 1884. 




CONTENTS 


CHAPTER 1. 

The Objects of Physiology. 

Introductory Definitions 

Structural and Physicsd Properties of Organisms . 

Chemioal Composition 

Vital Phenomena 




a 


PAGE 

1 

. 4 

5 

6 


CHAPTER 11. 

Gensba”. View op the Sthucture of Animal Oeoanisms. 


Cells 8 

ProtO|»lasm, Nucleus, Cell- wall . » 10 

Celhconteuts . . ^ . 11 

Varieties of Cells i * . . 12 

Modifications of Original Cell-tissues 13 

1. Epithelial Tissues 17 

IL Nerve Tissues 20 

HI. Muscle or Contractile Tissues 23 

IV. Connective Tissues 25 


CHAPTER III. 


Chemical Basis of the Body. 

Elements in the Body ^ . . .35 

CUsaification of Ingredients found in the Tissues . . • . 35 

Plasmata 35 

Albuminous Bodies 37 

Classification of Albumins . ...... 38 


Albuminoids 



CONTENTS. 


I'AOE 

Products at Tissue Ohsiijsjc .... .42 

Carbohydrates ... 46 

Fats ... 47 

luoxgauic Bodies . 48 


CHAPTER IV. 

The Vital Characters op Organisms. 


Protoplasmic Movements 51 

Reproduction 54 

Bacteria 57 

Amoeba 59 

^aranuecium 61 


CHAPTER V. 

Nutrition and Food Stuffs. 


Classification of Foods 66 

Composition of Special Forms of Food . . . . . 68 

Milk • . ., . 69 

Cheese, Meat, Eg^s, Ac 71 

Vegetables 


CHAPTER VI. 

The MECHA^pj#oF Digf.|tion. 


Mastication 77 

Deglutition . . . ^ . . • . . 78 

Nervous Mechanism of Deglutition 83 

Vomiting . . . . . . . . . . . . 85 

Movements of the Intestines . . ^ 87 

Defeecation 89 

Nervous Mechanism of the Intestinal Mo&on . . * . .91 


CHAPTER VII. 

Mouth Digestion. 

Salivary and Mucous Glands 94 

Characters of Mixed Saliva. , . 97 

Nervous Mechanism of Se<;retion of Saliva ..... 99 

Changes in the Glaiid*eells . . * 104 

Functions oi the B^va . ^ 107 



CONTENTS. 


XI 


CHAPTEE VIII. ^ 

, The Stomach Digestion. 

The Gastric Glands 

The Characters of Gastiic Juice 
Mode 0 ^ Secretion of Gastric Juice 
Action oi^the Gastric Juice .... 

c 

CHAPTER IX. 

Pancreatic Juice. 

Structure of the Pancreas .... 
Characters and Mode of Secretion of Pancreatic Juice 

Changes in the Gland-cells 

Action of Pancreatic Ju5co on Proteids 

Action on Fats 

Action on Starch 

CHAPTER X. 

Pile. 


Functions of the Liver 127 

Structure of the Liver 128 

Composition and Method of obtaining Bile 183 

Iklethod of Jfecivtion of Bile . . lb . * * ... 186 

Functions of the Bile ' 133 


CHAI^ER XL 


Functions of the Intestinal Mucous Membrane. 

Structure of the Small lutestines liO 

Method of obtaining Intestinal Secretion 142 

Characters and Functions of the Intestinal Juice . . . .148 

Functions of the Large Intestine . . . . . . 145 

Putrefactive Fermentations in the Intestine 146 


CHAPTER XIL 


Absorption, 

Interstitial Absorption . . . 149 

The Lymphatic System . . . . , » . . 150 


. 120 
. 121 
. 123 

. 124 

. 125 
. 126 


PAGE 
. 110 
. . 112 
. 118 
. . 115 



COiraBKTS. 


jdi 


PAOl 

StaraotWof Lympluitic Elands ij . .151 

I&testmal Absoiption ^ . 155 

Hechanimn of Absoiption 159 

Materials Absorbed 160 

Xiympbi and Chyle 163 

Movement of the Lymph 165 


CHAPTER XIII. 

The CoNSTiTtmoN of the Blood and the Blood-pijlsma. 


Oeneral Characters of the Blood 168 

a Amount of Blood in the Body 169 

physical Constmction of the Blood, Blood-plasma . .171 

Chemical Composition of Plasma 173 

Prepamtion and Properties of Fibrin . ^ . . 175 

Seram 176 


CHAPTER XIV. 


Blood Cobpuscles. 

Proporticm of Red to White • . .177 

White Blood-cells 178 

Origin of the Colourless Blood-cellsf^ « . 180 

The Red Corpuscles, Sizes and Shai^s . i . . 181 

Action of Reagents on Red Corfilcies . f < . 183 

Method of counting Corpuscles 185 

Chemistry of the Colouring Matter di t^e Blood . . ? . 187 

Spectra of Hsemoglobin 189 

Haematin, Hsemin, Ac 191 

Development of the Red Disks . ^ 192 

The Gases of the Blood • .193 


CHAPTER XV, 

Coagulation of the Blood. 

Formafioii of the &ood-clot 195 

(^renmslaiioes induencing Coagulation 197 

The Cause of Coagulation 199 

Goagiiktioii in tike Vessels . . « 200 

Feraation^ Fibrin 201 



CONTENTS. 


• •• 
xm 


CHAPTER XVL . 


The Heart. 

TAGS 

Pulmonary and Systemic Circulations 203 

Method of the Circulation of the Blood 204 

Ari-auj^^ent of Muscle Fibres 208 

Minute Structure of the Heart 209 

Action of the Valves 211 

Movements of the Heart 213 

Cycle of the Heart-boat 214 

The Heart’s Impulse 218 

Heart-sounds . . . . 218, 

Innervation of the Heaii: 220 

Local Centres 221 

Inhibitory Nerves . • •. 224 

Acceleration Nerves . , * 225 

Afferent Cardiac Nerves 226 


. • CHAPTER XVII. 

The Blood-vessels. 

Structure of Ae Vessels .... 

The Capillaries 

Relatf^e Capacity of the Vessels . ♦ . 

Physical forces of the 
The Blood-pressure 
Measuren^nt of Blood-pressure ^ . 

Variations in the Blood-pressure • . 

Influence of Kespiration on tlie Blood-pressure . 

The Arterial Pulse 

Methods of obtaining Pulse-tracing . 

Variations in theei^ilse . . • . 

Velocity of the Blood -current .... 
Controlling Mechonisnia of the Blood-vessels 


emulation 


227 

229 

231 

232 
234 
287 

241 

242 

247 

248 

251 

252 
255 


CHAPTER XVIII. 

The Mechanism op Kespiration. 


Gas Interchange 

. 

. 260 

Structure of the Lungs and Air-jiassages . 


. . 263 

The Thorax • . 

. 

. S6S 

Thoi^acic Movements . . . . • . 

• 

. • . . 267 



xiv 


CONfENTS. 


l»AOK 

Ins^imtoiy Muscles *, ,269 

Ex^iiwtion * .273 

J^mction of the Pleixra 274 

Pre^re Differences in the Air 275 

The Volume of Air 276 

Kerrons Mechanism of Respiration ,^278 

Modified Respiratory Movements ^ . 283 


CHAPTER XIX. 

The Chemistry of Respiration. 


C' Composition of the Atmosphere 285 

Expired Air 286 

Changes the Blood undergoes in the Lungs 288 

Gases in the Blood . 289 

Internal Respiration 292 

Respiration of Poisonous Gases 293 

Ventilation 294 

Asphyxia 


CHAPTER XX. 


Blood-elaborating Glands. 

c < 

Ductless Glands . 298 

Supra-tenal Capsule and Thyroh'- . a ^ 299 

Thymus 300 

Spleen ^ • . . ^ . 301 

lections of the Spleen . . . ? 302 

Glycogenic Func^on of the Liver $05 

Glycogen ^ 307 

c K. 

CHAPTER XXL 


Secretions. 


£ 4 idii 7 iiml Glands 309 

Mneons Glands , q 310 

Sshoceons Glands 311 

Mammary CSaods . 312 

CiompoMtaoii of Milk 314 

Sndotifenms Glaiida . . . c 317 

CNitaneous dcsqnam^on ^ 319 



COOTSNTS. 


XV 


CHAPTER XXII/ 

IJrinart Excretion. 

Structure of the Kidneys 

Blood-vessels of the Kidneys .... 

TJrine^; 

Method 3f Secretion of the Urine 

Chemicat Composition of Urine ... 

Urea 

Uric Acid 

Kreatinin, Xauthin, Hippuric Acid, Oxalic Acid, &c. 
Colouring Matters and Inorganic Salts . 

Abnomial Constituents 

Urinary Calculi 

Source of Urea, &c. . ^ . 

Kervous Mechanism of the U^iiary Secri'etion . 

Outflow of Urine 

Nervous Mechanism of Micturition .... 


PAGE 

821 

823 

825 

326 

829 

380 

331 

832 

333 

384 ^ 

335 

886 

838 

839 
841 


CHAPTER XXIIL 

Nutrition. 

Tissue Changes during Starvation 344 

Food ilequirements ... © 347 

Ultimate Uses of Food Stutt’s 35I 

- t 

CHAPTER XXIV. 


Animal Heat. 

Warm- and Cold-blooded Animals 353 

Variations in the Body Temi>craturc 354 

Mode of Production of Animal Reat 356 

Income and Expenditure of Heat 367 

Maintenance of Uniform Temperature 369 


CHAPTER XXV. 

Contractile Tlssttes. 

Histology of Muscle . 866 

Properties of Muscle in the Passive State 368 

Electric Phenomena of Muscle . • • • • • * " « 871 



COKTEKTS, 


xri. 


PAGE 

Active State of Muscle * . 874 

Muscle Stimuli i ' . • 375 

CSumges oeouiring in Muscle on its entering the Active State . . 877 


Muscle Contraction 381 

Oxaphie Method of recording Contraction 382 

Tetanus, Fatigue, &c. ./ V 888 

Bigor Mortis . 893 

Unstriated Muscle . ‘ • 395 


CHAPTER XXVI. 

The Application of Skeletal Muscles. 


c 

General Arrangements 396 

Joints 397 

Standiiig ^ 399 

Walking and Running 402 


CHAPTER XXVIL 

Voice and Speech. 


Anatomical Sketch ' . .404 

Mechanism of Vocalisation 406 

Properties of the Human Voice . 409 

Kervous Mechaniaii of Voice • • 410 

Speech ^ ^ .411 


CHAPTER SXVIII. 

Oenebal Physiology of the Kebvous System. 


Anatomical Sketch 418 

Functional Clasdhcation . . . . . 415 

Chemistiy and Electric Properties of Herves 416 

The Active State of Nerve-fibres 417 

Nerve Stimuli .418 

VekciQ^ of Nerve-impulse 420 

^ Electric Change in Nerves 421 

Electiot«miis 422 

of Nerve Fibres 428 

LawofCmitraction 426 

Nerve Coi^uscles and Terminals . 428 

Ftmetions of the Nerve Cells^ 430 



CONTENTS. XVii 

CHAPTER XXIX. ' 

Special Physiology of Nerves, 

PAGE 

Si)inal Nerves 433 

The Cranial Nerves . . . ‘ 484 

The Tw^lear Nerve, Portio Dura, &c 435 

Efferent §nd Afferent Fibres 439 

Ganglia of the Fifth Nerve 441 

The Glosso-pharyngeal Nerve 442 

The Vagus Nerve 443 

The Hypoglossal Nerve 445 

CHAPTER XXX. 

** Sp^ecial Senses. * 

Skin Sensations 448 

Nerve Endings 449 

Sense of Locality 452 

Sense of IJ^essure 454 

Temperature Sense 455 

General Sensations 457 

CHAPTER XXXI, 

* Taste A?to S^jell. 

Sense of '^te , . . 460 

Sense of Smell . . . r . 463 

CHAPTER XXXIL 

• • Vision. 

The Constniction of the Eye-ball ....... 466 

Dioptric Media of the Eye-ball 469 

Structure of the Lens 471 

The Dioptrics of the Eye 473 

Accommodation • . . 478 

Defects of Accommodation 480 

Defects of Dioptric Apparatus 481 

The Iris 482 

The Ophthalmoscope . . . * 485 

Visji^ Impressions • . • . * 486 

h 



xviii 


.CONTINTS. 


PAOB 

The Fnnetion of the Betina . . 487 

Coionr Perceptions ....... . . 493 

Mental Operations in Vision . . . . . . . 495 

MoToments of the Eye-balls 496 

Binociikr Vision . . . * . 498 

CHAPTEK XXXIII. 

Hearing. 

Sound 499 

Conduction of Sound-vibrations through the Outer Ear . . 502 

c Conduction through the Tympanum 505 

Conduction through the labyrinth 507 

Stimulation of the Auditory Nerve . • « • • ^10 

t 

CHAPTER XXXIV. 

Central Nervous Organs., » 

Nerve Cells 513 

The Spinal Cord as a Conductor 515 

The Spinal Cord as a Collection of Nerve Centres . . < . 518 

Special Beflex Centres 525 

Automatism < 526 

CHAPraR xxxv/ 

e 

The Medulla Oblongata. 

The Medulla Oblongata as a conductor 528 

The Respiratory Centre . . 530 

Hie Vaso-motor Centre ... 531 

The Cardiac Centre . . . . ^ . . . 533 

CHAPTER XXXVL 

The Brain. 

e 

The ICesenoephalon and Cerebellum 535 

Crura Cerebri 537 

Basal Oangtia 538 

Cerebral Hemisph^es . . . . . . . 541 

Looaliaatioii^of the Cerebral Functions 542 



CONTENTS. 


xix 

CHAPTER XXXVII. 


Repeoduction. 

PAGE 

Oligin of Male and Female Generative Elements .... 546 

Menstl* *^ion and Ovulation 549 

Changes in the Ovum subsequent to Impregiiatmn 551 

FoimaticSi of the Membranes 556 

The Placenta 561 


CHAPTER XXXVIII. 


Devei.opment. 

Development of the Veftebral Axis • * 566 

Development of the Central Nervous System 571 

The Alimentary Canal and its Appendages 576 

The Genito-urinary Apparatus 581 

The Blood-vasculaM^stera 587 

Development of the*Eye 600 

Development of the Ear 604 

Development the Skull and Face 606 


Glossaey 611 


INDEX 


620 



ERRATUM. 

Page 125, line 4 from bottom, for “ steopsi>i,’' roKi ^'steapHn.'" 



MANUAL OF PHYSIOLOO'SV 


CHAPTER I, 

THE OBJECTS OF PHYSIOLOGY. 

Biology, the scienc« which deals with living beings and the phe- 
nomena exhibited by tht;m, may be divided into two great branches, 
viz. : — 

1. Morphology, wliich treats of the forms and structure of the 
bodies of living cw44ures : 

2, Physiology, ^\^ich attempts to explain the modes of activity 
exliibited by them during their life-time, and may therefore be 
defined as the science which investigates the phenomena presented 
by the textures and organs of healthy living beings ; or, in short, 
the study of tlie actions of oiganisi^s in contradistinction to that of 
their sha])e ^ind structure. 

The organic or liviiif >Torld is nUturally divided into the Animal 
and Vegetable kingdoms. We have, therefore, l>oth animal and 
vegetable %ior])hology and physjofogy. In studying the vegetable 
kingdom, the form, and the structure, as well as the activity of plants 
are associated together in the science known as Botany. The physio- 
logy of plants may therefore here b* omitted ; though, indeed, it ctni- 
not be neglected^ in considerijjg the processes l^longing to animal 
life. On the other liand, the morphology and the physiology of 
animals are commonly taught separately, and in the medicid curri- 
culum aiv. made distinct subjects. 

Morphology pro^Hirly includes the external form, tlie geneiid con- 
struction or anatomy of organisms, and the mi|^ute structui'e of 
their textures as revealed by the microscope. This latter brunch of 
study, under the name Histology, has now developed into a very 
wide subject, which is insetmrable from either physiology' or anatomy.. 
In this country histology is commoiily taught in the medical schools 
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with physiology, for while the time of the teachers of mori)hology 
is occupied in expounding the details of descriptive anatomy, 
the microscope is in everyday use in the physiologynl laboratory. 
Moreover, an adequate knowledge of microscopic methods, and of the 
various fonn-elements of the different textures of the body is one of 
the first essentials for physiological study. 

As the different actions of the body are pei formed by different 
tissues, which in the higher animals are grouped together distinct 
oi’gans, a general idea of the p<)sition and construction of these 
different paits of the body must he ac(piii*ed before the study of 
physiology can be commenced. Anatomy and general morphology 
are the frameworks upon which physiologiciil knowledge is built 
up. Some knowledge of these subjects must therefore precede 
the study of i)hydology, in order that the student may l>e in a posi- 
tion to grasp even the simplest fact«» connected with any jdiysio- 
logical question. 

We shall soon find that the assistance of other sciences it, also 
indispensable to jvhysiology. Thus every action of a living textun* 
or tissue is accompanied by some chemical change, the chemical 
process in fact being commonly the essential the phenomenon. 

The student of phy^i(dogy must, then, know^ sometli^ng of th<* 
science of cheniibtry ; indeed the mode of action of chemical 
elements fonus quite important a i*rf»iindwork {pr the study of 
the activity of the ing tissues as their general form or minute 
structure. , ^ 

Further, the laws wlii cl i govern the motion", of inaiipuate IxHlieh 
also control the actions of rviiig tib^ue^, fdreve amnot claim to un- 
derstand or recognibe the existence of any laws affecting living orgim- 
isms other than those known to be applicable to dead matter. Tlier<* 
are a great number of activities shoun by living textures uldcli we 
cannot explain by the recogin.^ed lavs of nature. We theiefoie use, 
for convenience sake, the term “^dtal ])Uen<>mciia,'Mo indicate ]no- 
cesses w’loch are beyond our present chemical aigl ])liysical know- 
ledge. In using this tenn we must not tliink it imjilies a sej>arat<‘ 
set of laws of life. AVe cannot dibcover « »r formulate any b]>ecial 
laws affecting living beings only, and therefore we must not assume 
that any such exist. AVe must rather endeavour to explain all the 
so-called vital c phenomena*' by means i>l‘ the laws known to 
chemists and physicisK By this means we sliall ceitiiinly get ii 
closer insight into the ])ro<'e"-se8 of life, and if there be law^s govern- 
ing the living beings we may leani to know tliem. TJiis method of 
W’urking has already given go<Jd rt'sults, for within < nmi)aratively 
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recent times many of the processes which were regarded as specially 
vital in character have been shown to be within the power of the 
experimenter and to depend on purely physico-chemical processes. 

It is therefore necessary for the physiologist, before he attenii)ts to 
explain the activities of any organism, to be familiar with not only 
the structure of its body but also the various laws which, as chemists 
and physicists teach us, control the operations of inanimate matter. 

Tlie sciences of chemistiy and physics may, in fact, be regarded 
as the plTysiology of inorganic matter, just as when chemistry and 
physics are ai)plied to tlie elucidations of the functions of living 
creatures by the biologist, the study is called ![»hysiology. When we 
consider how far the chemist and the physicist still iire from thoroughly 
grasping and interpreting all the phenomena presented by the various 
kinds and conditions cd* matter, we cannot be surprised that those 
wlio attempt to ex])Liin the actions of living beings find many pro- 
cesses that th(*y are uiftible to comprehend. But while physiologists 
Ircqiiently make iise of tlu* convenient term “ vital phenomena,” they 
do not thereby imply the existence of a special living force or any 
kind of energy peculiar to living crejitures. 

The final end t|^*idiysiology is, then, not yet within the reach of 
our modeifi methods of research. To explain the mcnle of activity of 
living beings, and grasj) the exact relation borne by their living pheno- 
mena to the la^s which govern them, is a task of enormous difficulty. 
Indeed tlie manifestations of certain energies in living oiganisnis 
are so ^)mj»licated that it is often, if^not gemuully, impossible to say 
exactly how’^they are br(^ught abmU, and we are therefore obliged, 
for the present at least,'*to be satisli^ wSh the mere recognition and 
cl(*scrii)tioi^of the phenomena. • 

Since the human orgiuiism tiie special study of students of medi- 
cine, the contents of tliis volume should pioperly be restricU‘d to 
tlic physiology t)f man. But human ])hy.>iology cannot be studied 
alone ; Ix^'ause in man we Cixnift^t watch suthcienllv closely, or 
cpxestion fully, 1^ exj»erimenf, Hit* phenomena of life. Further, 
no shaip line of separation can be drawn between the actions of 
the vaiioUR organs of man aiul lluwe of the lower animals. The 
consideration of the ]>hysiology t»f those animals which are akin 
to man must therefiire go haiitl in hand with the study of the 
l>hysiology of man hiius(*lf. Much light has bet^ thrown on the 
actions of the mo.^'t ctunplex textures of the highest animals, hv 
the observation of the activities of the organisms, where the 

manifestations of life may be carefully watched with the micro- 
scope in the living aninud under perfectly iioriud conditiojis. 
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GENBRAL CHABA0TEB8 OF ORGANISMS. 

Th^ tenn oiganism, which is commonly need as having the same 
meaning as Uving heing^ owes its derivation to the complexity of 
stractnre common among the higher forms of life, which are made 
up of several distinct organs. This organic construction no longer 
holds good as a distinguishing mark between living beings ajid inani- 
mate matter, because we are acquainted with a vast number of living 
organisms, both plants and animals, which are not made up of organs, 
but are composed of a minute piece of a soft jelly-like material, 
which is simply granuhir throughout, and devoid of structural differ- 
entiadou during the life of the creature. 

We may classify the general characters of living beings as follows : 

1. Structural and physical properties. 

2. Chemical composition. , 

3. Activities during life (vital phenomena). 

1. Structural Characters of Organisms. — The minute struc- 
ture of living beings as shown by the microscope no doubt helps to 
distinguish the textures of organisms from ^v*^rganic structures. 
Although organic textures are found to differ very widrfy in their 
characters they are all related in one re8})ect, namely, that at some 
period of their existence they consisted of ceUs, i.e., ^minute ma-sses 
of a substance called Protoplasm, In plants this cellular structure 
remains obvious in nearly all palts of the adult organism, nd matter 
how much the texture may be i]jodilied by^idaptation to^'the recpiire- 
ments of any given duty or^unction. If we famine with the micro- 
scope the leaves, bark, w’ood, or* pith of a plant, in all^ of them a 
cellular structure can l)e recognised. In the less develoj)ed mem- 
bers of the animal kingdom, and during the initial stages in the 
existence of the highest animals, the textures ai'e composed exclusively 
of aggregations of living cell-elements. We shall shortly see that in 
the more fully developed condition 61 the higher ^animals, the cells 
become variously modified in form and function, and the protoplasm 
manufactures various structures adapted to the performance ot the 
diverse functions of tlie different parts. In all organic textures 
which can be said to be living, cells are dispersed in greater or less 
number throughd&t them, and regulate their nutrition and repair. 

2. Chemical Compohition. — There arenochaiactersin the chemi- 
cal composition of the textures of organic beings which can be said 
to be absolutely distinctive or^to separate them from inorganic 
matter. Mo doubt their^ chemical construction commonly exliibits 
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certain peculiarities, not seen in dciid matter, which may be taken 
as characteristic, but living textures only diifer in the general plan 
of arrangement and composition ixom that most commoidy met with 
in the construction of inorganic materials. 

In the first place, the great majority of the chemical elements which 
we know of, take fto share in the formation of living creatures, and 
are never found to enter into their composition. Practically only 
fifteen o^ the sixty-thi’ee elements known to chendsts take part in 
making up the tissues of animals. The majority of these are only 
present in very small quantity and with no great constancy. On 
the other hand, there are four elements, namely, caibon, oxygen, 
hydrogen, and niti’ogen, which are found with such great regularity, 
and in so great quantity, that they may be said to make up the< 
great bulk (97 i>er cent.) of the animiil fr^e. The great constancy 
with which the first three of these elements occurs must be regained 
as the most imjjortant character of oiganic tissues. 

Secondly, in organic textures the chemical elements are associated 
in a much more complex and irregular proi>oiti(»n. Generally a large 
number of atoniSy^i each element, aie grouped together to form the 
molecule^ and ol’teifthe compound is w> comjdex that its chemical 
formula remains a matter of doubt. As an example, a remarkable 
body, (Jailed lecitliin, which appears in the analysis of protoplasm 
and many tissues, may be mentioned ; it is a peculiar compound 
(jonhiining nitrogen and phosphorus^ and in construction said to Ije 
like a fat. JLt may be expres^ thus : — 

In inoi'ganic substances, on the gtlier hand, the elements are found 
to be combined, as a geneiul nil», in simple and regular proiKUtions. 
The molecules are mode up of but few elements anunged in a 
definite manner and finuly bound together, so that they are not 
prone to undergo spontaneous d&omposition. As an example, we 
may take water, which has thtf vrell-known fonnula, 

H^O. 

Though these Inalies may be taken as tyi>e8 of organic imd inor- 
ganic substances respectively, it must not be imagined that aU oiganic 
bodies are as complex, irregular, and unstable aS lecitliin, or that 
inorganic compounds, as a rule, are invariably simple and stable like 
water. 

It is further remarkable that (7(e^6oit— an chuuent wliich is excep- 
tional in forming but few associations in the uiineral wgrld, where 
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it ehieflj combines with oxygen to form CO^ — is almost invariably 
present in living textures, in which it is combined with hydrogen and 
nitrogen as well as oxygen in various proportions. The constancy 
of carbon as an ingredient of organic bodies is so great that what 
ftmnerly was callei organic chemistry is now often called the 
chemistry of the carbon compounds. 

These complex associations of many atoms of carbon with many 
atosas of other elements, are readily dissociated when exposed to 
the air under even slightly disturbing influences. Wlien heated 
to a certain degree they bum, f.e., unite rapidly with the oxygen of 
the air, and in the presence of minute organisms they putrefy. 
Thus imtaMlity is a general feature commonly met with in most 
substances of organic origin. 

'Chemical instability reaches the highest pitch in tissues which 
are actually alive and engagefl in vital prececses. So long as any 
texture lives it must consttintly undergo certain chemical chaiigt^s, 
one of which is regarded as a kind of decomposition, tending to 
produce disintegration, and the other, a re-integration by means 
of new chemical associations with fresh material. A tissue may 
then be said to deseiwe the term living, only as long asi it under- 
goes these antagonistic chemical changes. The tendency to d(^- 
stractive oxidation or disintegration is intimately opnnected with 
the functional activity of the living texture and increases with this 
activity. The re-integration or constructive process recjuires the pre- 
sence of suitable materials with which the texture m^y combine, 
ill order to make up for th«r»los& Thus livkig tissues are ever on 
the j>oint of destruction, which^ can only be warded off by tlie 
timely reconstruction of their chem^l ingredients by suilable freslt 
materials. This reconstruction by means of fresh matter from with- 
out is called (tssimilcUimiy and forms the most, if not the only, satis- 
factory criterion by which adeeputely to distinguish living beings 
from inoi^anic matters. » • 

The whole object of all these chemical i^rocessea is to supply suit- 
able fresh materials to the various textures for their assimilation. 
This will be found to form a great part of physiologiciil study. Fur- 
ther, the energy manifested in the living activity of the texturi's 
depends upon the larious oxidising processes, an<l the exact laws which 
govern these combustions, and the results they give rise to in the 
various tissues, practically make up the other part of physiology. 

3. Vital Phenomena. — The so-called vital phenomena w^hich take 
place in the textures of oiganisnis are, for the most |>art, performed 
by the agtncy of the liring cell-elements, in wdiich we can re- 
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cognise independent manifestations of life, siicli as the response to 
stimuli, motion, nutrition, growth, &c. The living activity of 
organisms requii'es for its perfect development certain external con- 
ditions, namely, a certain degree of warmth and moisture. Without 
heat and moisture the chemical interchanges just mentioned cannot 
go on, and the organism is either destroyed or remains in a state of 
inactivity. 

The mitrition of tlie animal body which is accomplished by means 
of tiie processes of assimilation already mentioned enables it to grow, 
and, lip to a certain point, increase in size, and further to undergo 
many changes in form and texture. There is, however, a limit to 
this assimilative power : nutrition loses in activity, growth gradually 
stops, and after a time decay appears and is followetl by death. 

Thus organisms exist only for a limited period of time, during 
which their size, form/iand functional activity are constantly under- 
going some alteration dependent on the incessant changes in their 
molecular constiniction. 

This cycle of changes through which organisms pass we speak of 
as their life-time.^ during this life-time, at the period when their 
functional* activity* is at its heiglit, they possess the remaikable 
faculty of producing individuals like themselves. 

This is accomplished by setting apait acell which, under hivounible 
circumstances, asHumes special ])owers of growth, increases in size by 
the ra|iiid foimatiou of new cells, ai^ developes into an independent 
living unit* In time it arrives at maturity, and becomes like its 
parent, and then pissis* through flie cjwne cycle — by its pow’er of 
assimilation it grow’s to matuiity^ i-eproduces its like, decays, and 
dies. 



CHAPTER IL 


GENERAL VIEW OF THE STRUCTURAL CHARACTERS 01' ANIMAL 
ORGANISMS. < 

The parts played in Physiology hy cells are so many iind so 


important that it is necessary at 



Nig. l.—Cdls from the root of a plant. 
(X560.) 

1« Showing T<nmge«t cells with 
liliii walla (a } fiU^ with protoplasm 
and oontBiniiig nucleus (sr), ana nu- 



with waoaoles and cell-aap (s). 

3. Shows further dimmation of. 
protofdaam and increase in oarity- (s) 
to the growti^ of the 


the very outset to consider theii’ 
properties somewhat in detail 

The demonsti-ation of the cel- 
lular structure of plants was fiist 
made in 1832 hy a distinguished 
German Isiotiinist named Schlie- 
den, who considered the cells to 
1 h‘ characteristic of plant tissue. 
A few years later Schwann 
showed thiifij^fne animal tissues 
were also made up' of cells, 
though not HO completely, and 
that they owed tlfcir origin and 
development to cell elements. 
Thus originated the dellular 
theory,^ which, with (.some modi- 
fiaition, ft now the Iwisis of all 
})hy.siological enquiry^ 
r Tile first idea which wa.s con- 
vey(4 by the term cell varied 
much from that which we now 
Hcce[)t as a proper definition of 
such an organic- unit. 

Vegetfible cells being the first 
di8covei*ed were taken as the 
type of all. The main charac- 
teristics of these may l>e briefly 
summed up. Firstly, a mem- 
branous sac called the cell wall, 
generally very well defined, and 
secondly, within the cell wall 
various cell conteaU, Among 
the more compicuous portion of 
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the latter may be mentioned the (1) nucleub, which lies in a soft, 
clear, jelly-like substance called protoplasm, and (2) certain cavities 
called vacuoles, which are tilled with a clear fluid or “ cell sap,” 
Further investigation of tlie life histoiy of cells, particularly in 
the early stages of their development, showed that the cell wall, which 
played so important a part in the original conception of a cell was 
not always present, but was formed by the protoplasm in the later 
stage of gi-owth. The cell sap and other mattei's were found less 
commonly present, and appeared still later in the life-time of the 
vegetable cell ; hence it was concluded that they were the outcome 
of changes due to the activity of the protoplasm, and that this latter 
was the only real essential and vital pai-t of the cell. 


t 


Fif?. 2 — Diagram of animal 
(ovum)* (Q||genbauer } 
a. Granular protoplasm. 
h. Nucleus 
c. Nucleolus. 

s 

Subsequently, froiiN fhe fact tlhit 4imc > t*getjible cells in the 
youngest and most active stiige of Uieir grovrth have no limiting wall, 
and that most animal cells have^pone duiing any jxirt of their life, it 
was projiGSed to define a cell as a mass of ]>rotoplasm containing a 
nucleus. But further research shoved that the nucleus was not 
always present. In many cryjit^amic plants no nucleus can be 
found, and in som^ animal oell'^ v hich must be iijgarded as independent 
individuals (Protanimba), there is no nucleus at any pjirt of its life- 
time, Tliis would lea<l us to supiK)se that a 7nass of protojjlasm 
capable of manifeetimj all the j^laimmena of life would be a sufficient 
definition. Though this is ]»roljably correct in a few cases, the vast 
majority of cells do contain nuclei. As it is difficult to divest our 
minds of the connexion between the two, it has been projwsed to give 
the name cytode to the uon-nucleatod forms, which certainly are very 
exceptional, reserNnng the tenn cell for the common nucleated unit* 
Each part of the cell may now be considered in the order of its 
importance, viz., jirotoplosm, nucleus, celkwall, and cell Contents. 




Fig 3 —Liver cell of man, containing fat globules 
\,h) and biliary matterv. (Cadiat ) 
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I. PbotopXiASM Ib a colourless^ pale, inilky, semi-^translucent sub* 
stance, more or less altered in appearance by various foreign matters 
'which lie in it. These latter also give it a granular appearance, and 
when dead it commonly exhibits a linear marking or fine network. 
During life its consistence is nearly fluid, varying with the circum- 
stances in which it is placed, from that of a gum solution to a soft 
jelly. When living unmolested in its normal medium it seems to flow 
into various shapes, but this is a living action which does not prove 
it to be difiiuent, fur any attempt to investigate it by experiment 
causes a change in its consistence approaching to rigidity. 

As the full comprehension of the function of tliis substance lies at 
the root of tlie greater part of Physiol<^y, the reader is referred for a 
* detailed account of its properties to Chapter III. on Vital Phenomena, 
where it utU be discuased at greater length. 

II. The Nucleus.— M ost independent maizes of protoplasm, and 
all highly organized cells, contain one or more nuclei in their sub- 
stance. The nucleus is in a greater or less degi*ee sharply divided olf 
from the surrounding] protoplasm. Its pie^ence can generally be 
made much more conspicuous by treating t^e ccell with various 
chemical re>agents, notably dilute acids and certain dyes. Tlie 
nucleus is, in the former aise, able to resist the action of dilute acetic 
acid for a much greater length of time than the reigainder of the 
cell, so that it stands out clearly, w'hile the rest becomes quite tmns- 
parent. In the latter ca^e, mag^^nta (one of the aniline dyes^ stains 
the nucleus sooner and deeper than the protoplasm. Although it 
has been accredited with s^iecitl inde])euAeat movements, it may 
safely be said tint in conqmrison with the })rotoplasm it is not veiy 
contractile. Yet it appeals to be intimately associated with the vital 
phenomena of the cell, and may be said to control or initiate the 
most im^Kirtant activities of tlie cell, namely, its division. The 
small size of the nucleus adds greatly to the diihculty of investigating 
its functions, and much remains to made out« concerning laitli 
its structure and properties, although recently ( onsidenible pi*ogress 
has l>een made in this direction. 

III. The Cell Wall. — It has already lieeu stated that tlie most 

active form-elements, such as the cells in the earliest stages in the 
life of an ojganiBi%(embryonic cells), have no enclosing membrane or 
cell uall. But in the more advanced stages of cell life wv And this 
second form of protoplasmic differentiation to be common enough. In 
animal cells the limiting membrane lias never the same import- 
ance as the cell wall in vegetable tissues, where B<}me of the 
principal ttcture%may be to a direct modiflcatiou of the cell 
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wall, still recognisable as such. Whenever such a limiting membrane 
does exist, it is always formed by the outer layers of protoplasm under- 
going changes so as to become of greater consistence. In the animal 
tissues the protoplasmic units form various 8tructui*es, which, how- 
ever, do not hold the relation to them of limiting membranes, but 
rather give the idea of lying between the cells. Hence, in one large 
group of tissues, they have been called intercellular substance, while in 
others tl»y appear as materials specially modified for the furtherance 
of the functions of the special tissues. 


IV. Cell Coi^tents. — Regarding protoplasm as the essential 
living part of the cell, under this heading will come only those 
extraneous matters which are the outcome of protoplasmic acti^ity. 

The cell contents which are present with such constancy and in 
such variety in vegetijble cells, form in them an all-important part ; 
but in most animal cells the contents do not occupy such a 
striking position. 

No doubt animal i>rotopla.sin is quite as capable as that of vege- 
tables of making out of its own substance, ov the nutriment supplied 
to it, a gr^at varietj^ of materials, 


but these are seldom stored in 
such large quantities in animal 
cells as in those of plants. 

In I4ie cells of some kinds of ^ 
animal textpres, particularly that 
CJilled Connective IMshie, >ve 
commonly find large (piantities 
of fat foAied and accuiiiulatei^ 
to such a degree in the cell that 
the protoplasm can be no longer 



recognized as such. Its remnant • 
is devoted to tVrniing a lii|^i- 
ting membrane for the fatty 
contents, so that the cell is con- 


4.— Cell from ooaneetire tissue oon- 
taining large fat globule {a), and 
showing protoplasm and nu- 
cleui (lO, («) membrane. (Ranvier.) 


verted into an oil vesicle, and here certainly what may be termed 
the contents become the most important paii; of the celL In various 
gland cells also, as wdll bo seen hereafter, diiferqpt substances are 
made and stored uj) temporarily in the pi’otoplasiii, and these can be 
seen as bright refxncting granules, and are subsequently discharged 
in the secretion of the gland. 

In other cells again (Uver) nutrient material allied to starch may he 
deposited in considerable quantity, just starch i% stored in certain 
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oellB of a plant, but owing to the greater and more conetant 
activitx of animals, the amount laid by never attains anything like 
that found in the store textures of vegetables, where the result of 
an entire summer’s active work is put by as a provision for the 
next winter, and the fiesh burst of energy whicli follows it in the 
spring. 

But while the above are all more or less tcmpoiary contents of cells, 
we have an example of a peimanent deposit in them. viz.,«Pigment, 
this substance is foimed by the protoplasm in various parts and 
has a special ph3^siologieal use. Thus in the cells of the tissue behind 
the retina — or nerve layer of the eye-ball — the cells are filled with 
a number of granules composed of a substance very lich in carbon, 
f* which when in a sulliciently thick layer is able completely to absorb 
any light that may fall uiwn it, thus preventing the reflections that 
would otherwise occur, and which would interfere with the cleamess 
of sight 

It also occurs in the skin of the negro and other races and in that 
of the Lrog and other animals, but in these its function is not fully 
known. ^ 

Vakieties of Cells. — Great varieties of cefk are found in the 
various mature tissues of the higher animals, all of which have passed 
through the stage of being a simple nucleated mass of protoplasm in 
the earlier periods of their development and differentiation. All 
cells may then be divided into two chief types, the indifferent an<l 
the differentiated. 



Fig. 5.— Transvene aoctioii of Blastoderm, sbowing the elements in the earlier 
stage of the derdopment. A. epibla^ ; B, mesoblast ; C. hypoblast. 

Under the category of indiffermt ceUi may be ])laccd all such as 
retain the cbaract|rs of the first embryonic cell and have not acquired 
any special structure or projieity by wliich they can be distinguished 
fiom the simplest form. Such cells are the only ones in tlie early 
stages of tlie embiyo. In the adult tissues they also occur, having 
various duties to p^orm. They are mainly found in the'adrdt in the 
blood and«lymp}^, and s^ttei^ throughout the tissues, and are 
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without a cell wall, and have no special contents to mark their 
function. 

Among the differentiated cells we find many special characters, 
adapting them to certain special duties, for all these cells are 
modified from the original type and applied to the performance of 
some special function. 

Space prevents even a short emmieration of the varieties of cells 
met with in the tissues of plants, where they carry on all the active 
function of the organism as well as form the firm supporting 
structures. 

The differentiation of a cell is accomplished by its own protoplasm, 
which forms new structural parts and sometimes seems to diminish 
in quantity until finally an element is produced in which there is no 
longer any protoplasm recognizable. 

We find then matured and differentiated cells which vary — 

1. In shape, being spherical, flattened, fusiform, stellate, &c. 

2. In size, becoming smaller or larger. 

3. In their mode of connection, becoming attached in one 

way or gngther to neighbouring cells or structures. 

• 

Cells may also be classified according to their function, c.gr., 
Glandular, Nen'ous, &c., and the gieater portion of the following 
pages will b^ devoted to the functions of these various forms of 
cells. 

So long as a cell remains in its fnilifferent stage it possesses the 
properties df ordinary j^riptoplasm oply. But by its further develojv 
ment it acquires special juoperties not 'Common to all protoplasm. 
These prtperties may or may nat be accompanied by structural 
change. Thus the protoplasm o^a gland cell differs in little from that 
of any other cell except in the capabilities of its nutritive changes 
and its chemical products ; while on the other hand, tliose epithelial 
cells which form the outer layer of the skin lose completely 
their protoplaaifiic chamctei% and are }>rofoinidly modified in 
8tructur«\ 

Modifications of Orkiixal Cedl — Tissues. — In the preceding 
pages the special characters of a single cell have been dwelt on, and it 
has also been seen that a cell may become cliangeft from its original 
form in order to fit it more perfectly for some special j)nrpose. But 
it is necessary to consider this latter fact more fully in order to 
understand «the relation of the various tissues of the adult body to 
each other. 
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The fint stage ill tlie existence of any organism, from the simplest 
form of plant to man, is composed of a single cell (in animals called 
the ovum or egg), which differs in no essential points of structure 
from an oidinaiy cell. 

There is moreover a class of oi^auisms which never goes beyond 
this one-celled stage, and the individuals pass their entii'e life-time 

in the state of a simple unicel- 
lular organism. This group, called 
Protista, though insignihcant in 
point of its size, may vie with 
the higher plants and animals 
in number, species, and variety of 
form, so that they might well he 
placed in a kingdom by theiiifeelves 
(as has been ])ropo8ed) apart from 
the vegetable* and animal kingd(uns. 

The group of these organisms which most resemble animals, is 
called Protojsofl, and is divided from other animal forms by the 



6.— Unicellular orgr&nifini. 
amccba. (Gadiat) 


Small 



7. — Stages in the diwon of tlic egg e'en (ovum), ahowuig the ]>zoducliuu of a 
multiple maaa by oiviaion. (Cfc^>nbuuci ; 


manner of development of the ovum of the latter, which differen- 
tiates by division^nto cells. This group is called the Mdat^oa, In 
the Protozoa the ovum never divides, the animal always remaining a 
single celL 

On the eontraxy, the ovum of the Metazoa clianges it^ characters 
during its development. At first possessing a slag<‘ common to both 
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divisions, viz., a single cell, it soon passes through rapid stages 
of cell proliferation, and is converted into a multiple mass, the 
mulberry stage or Morula. 

The cells forming this Morula stage work towards the periphery of 
the mass, where tliey tend to arrange themselves in two layers, at the 
same time forming a cavity in the centre. This is known as the 
Gastrula stage. Following then this cell multiplication or quanti- 
tative differentiation, we find a qualitative differentiation of the 
cells, by ^hich certain groups of cells assume 
special peculiarities, litting tliem for some 
specific duty. 

Thus we ariive at the production of spe- 
cial textures and oj*gans such as are met 
with in tlie higher animals, and which are 
necessary for the efticient discharge of the 
various functions carried on during their 
lives. The division of the original mass of 
indifferent cells into two layei's of s])ecial 
cells is the first step towanls tissue differen- 
tiation, and in soAieiaiiinials is the only one 
arrived at in their entire life history, 
throughout which they remain a simple Siic 
made up of ai’i external layer, Ectoderm, and 
an internal layer, Endodenu, 

The^roups or layers of cells fbr^iing the 
(»uter and iqner layei*s of this stage of deve- 
lopment, not only fojiuHlie juimitiv^ tissiies, 
but they also represent the first apjjHiiuance of organs or juirts with a 
sj>ecific function. The extern^ or ectodermic layer is the sup- 
porting, protecting, motor, and respiratory organ, while the inner or 
endodermic layer is devoted to a primitive Ibrm of digestion, preparing 
the food for assimilation, and generally })ret>iding over the nutrition 
of the body, 4 j 

AlUiough this sac-like (Gastrula) stage is supposed to have 
formed a step in the life history of nearly all animals, yet it forms 
a less striking part in the development of the indivitluals as we 
ascend the scale, and in the higher animals no such stage has been 
recognised. In the Vertebrates, the germ cells derived from the 
ovum are from an early period divided into three distinct layers, 
owing to the layers wliich correspond to the Ectoderm and Eudodermof 
the lower organisms, forming between them a third layer or Memblast. 

From these germinal layers all the oi'gans and tissues o£ the body 


a 



rij‘ — l>iagrara showing 
the tirat aififerentiAtion 
of the organism into an 
external and internal 
layer. (ri)Mouth. (6) eu> 
tcric cavity, (d) ecto- 
derm, } endoderm. 

(Gegrenbauer.) 
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■re Bubaeqnently evolved. In embiyological language the three 
loimitive layere are called epi-, meso-, and hypoblast 



Fig. P. — Transvorae siection of blastoderm of c‘hii‘k. 

A« F^piblast. B. Meeoblast. C. Hypoblast. pr. Frimitive groove. 

4 

Thus it can be seen that, as we can compare the piimitive uni- 
cellular state of the lowest animals with the first egg-cell stage of 
existence of the highest animals, so we can compare all the steps of 
tissue and organ differentiation as we trace theru^in the embryo of a 
mammal, with the steps of elaboration in organic and textural parts 
that we hnd in ascending the scale of animal life. 

The history then of the development of any mammal from a 
single cell or egg to the complex adult individual, is strictly analogous 
wi^ the more protracted history of the evolution of the animal 
kingdom from the Protista u])warcl8. ^ 

It is impossible to separdve the differentiatibn of tissues and organs, 
or to say which is of older date ju the history of animal^evolution. 
Even in unicellular animals, where we have no trace of tissue difference 
(Paranuecium, Vorticella, there being only one cell), we have a distinct 
Aifeshadowing of organ and functional differentiation (vide Cliapter 
III.). And in creatures made 9 [ many i)arts, the same cells have 
several dntie.s to perfoim. But when an aggregation nf cell units exists, 
it may be said that a tissue is formed. If these cells be indifferent, 
that is, have no special characteristic, then the tissue may be called 
pfimitive or embryonic. But, as has just been stated, the aggregation of 
embryonic cells — ^in the higher forms of life — liave special characters 
from the very fiiftt, which mark them off from one another as des- 
tined for different functions. 

The middle germ layer (mesoblast) is derived from the upper (epi- 
blast) and lower (hypoblast), the part contributed by each being doubt- 
ful. From^ihe first the middle layer has distinctive characteristics, and 
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ultimate!}* gives rise to a set of tissues which can always be distin- 
guished from those which originate from the upper and lower 
layers. 

From the inner and outer germ layers are formed several layers of 
tissues, which, in a more or less perfect degree, retain the activity of 
the original protoplasm, and hence may be called active tissues. 
From the middle genninal layer is developed a set of textures, in 
the majcpity of which the protoplasmic elements are reduced 
to a minimum, and are therefore grouped together as supporting 
tissues. 

The tissues formed in the adult may be classified into our 
groups : — 

1. EpitJielial Tissues, The primitive surface tissues of the outer 

and inner germ layers, which are variously modified for 
several distinot duties. 

2. Nerve Tissues, Springing from the former, are modified for 

receiving, conducting, controlling, and distributing im- 
pressions. 

3. Muscle or 4J(y^tractUe Tissues, In close relation to both the 

previous afid the next groups. 

4. Connective Tissues formed only from the middle germ layer. 

They i^re much modified in different parts, so as to give shape 
to the body, and to support and hold the various organs and 
• parts finiily together. Th^ are in fact the materials used 
in ^e geneml body architecture. 

Epithelial Tissue, ^although the oldest kind of tissue both in 
the anima^ series and in the germinal layers, retains the embryonic 
character of being entirely composed of cells placed in close relation- 
ship to each other on the internal and external surfaces of the body. 
The individual cells, moreover, retoin the embryonic character in 
form and function, being soft rounded masses of protoplasm, only 
altered in shape by the pressure*©! their neighbours. The cells which 
lie next the nutrient vessels of the mesoblast, are endowed with 
energetic powers of growth and reproduction. As the young cells 
are produced they take the place of the parent cell, whose future life- 
history determines the special characters of the different kinds of 
tissues. * 

Sometimes the cells are retained, as in the skin, and are arranged 
in several layers, one over the other. As the cells are conveyed from 
the deeper layer, where they take their origin, towards the surface, 
the efforts of the waning nutritive power of the protoplasm aie devoted 
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to tlie msiuifiMstaie of a tough iuscdulde aubstanoe. The cdls thus 
gradually lose their vital activities, and are cimverted into homy 



Kg. 10.— Section of the epj^erm the prepuce%llf*wing the sup^-ixnposod 
layers of cells of a stratified epithelium. (Cadiat. } 

a. Yonaag proliferatiiig o^. h—d. CeSs advancing towards surface^ e. Kattened 
cell of homy layer. /. Basement |;iembrane. g. Cknmective tissue. 

scales^ which form the external wotecting skin, and its many modi- 
fications that give rise to the dmerent dermal appendages, such as 
hair, feathers, &c. Instead of a h^y siibstanoe, the protoplasm 
may manufacture fat in the bodies of the ceUs, and the adult cells, 
being moved on by the young cells arising beneath them, are heaped 
together as an indefinite mass which passes off as a fatty mixture. 
In other cases the reproductive activity of the cell is in abeyance, 
and its remainiijg nutritive energy is devoted to the inanu&cture 
of a material which is poured out of the cell at certain periods. 
Thus we have another great function performed by the epithelial 
tiasueSy namely, that of manufacturing certain materi^ which, being 
collect^ J>y suitable cliannels, appear as secretions. 
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The active elements of glandular tissue are epithelial cells whose 
nutrition seems to lead to the formation of specific chemical pro- 



Fig. 11.— Two cells of scaly epithelium from 
the inside of the cheek. (Ranvier.) 



Fig. 12.— Sectian of milk gland of 
cat, showing secreting cells con- 
taining fat globules, and some 
secretion in alveoli. 


ducts within their pjotoplasm. These products pass out commonly 
as fluids, and form vmions substances of great importance in the 



Fig. 13.— Ciliated epithelial cells Rg. 14.— Stratified ciliated epithelial oella from the 
from the gills of mussel. trachea of man. (Cadiat.) 

(Cadiat.) Large surface oella, with cilia on surface. 

h, Iiower cells in earlier stag^f development. 
e. Cell charged with mucus. 

economy, A gland then is simply a special arrangement of epithelid 
cells, generally lining the sacs or tubes into which the secretion is 
poured. 

c 2 
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The eovering of epithelium ie in varions places found to be modi- 
fied in different ways, so as to suit it for the special part in which it 

is placed. Some tracts are covered 



with fine moving hair-like pro- 
cesses, called cilia, which give rise 
to a slight motion of the fluids in 
contact with them. 

Other differences wijl be given 
in detail with the description of the 
duties of the many mucous sur- 


,, „ ** , faces. The most striking, and at the 

ai« with (<!}, fonniiig ^me the most mterestmg 

goblet-lihe oeUs. (Oadiat.) modifications are those in the 


special sense organs, where the 
cells are in immediate connectipn with nerves, and aid in forming 
the special nerve terminals.* * 


Nebve Tissue. — The great nervous centres are formed from 


certain cells of the outer germinal layer, which, in the earliest days 
of the embryo, dip in as a furrow, and are gidl^iSlly cut off from the 
parent tissue by the rapid growth of the middle germ-layer. In 



looking for special conducting 
tissue in animals possessing the 
most simple structure, we find 
ceUs which would seeift to pos- 
sess certainly a •two-fold, and 
possibly a three-fold function, — 
one of which is conduction. In 
the so-called ^ neuro-muscular’’ 


ceUs of the hydra, processes are described os found to pass off from 
them, and to unite beneath the ectoderm with other fibre-like processes, 
which are eminently contractile. Here we find for the first time a 
portion of protoplam specially devbted to acting as a conductor of 
impulses, and attached by the one end to a contiactile fibre, and by 
the other to a surface (sensory) celL The intimate relation between 
the development of nerve and muscle fibres is thus established, and 
we have the first attempt at a nerve mechanism, viz., a cell capable 
of receiving imfreesions, and a fibre capable of transmitting the results 
€i these stxmnls. As farther differentiation proceeds, each of these 
parts becomes more distinct from the other, and ultimately the adult 


• A Adkr maetfud ai ibe WaMogf of tlnso tkmaea will bo toimd la tho duptero 
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nerve tissne is found to be made up of nerve or ganglion cells, 

nerve fibres, and special nerve endings. The fibres commonly 

act as lines of communication between 

two cells; they connect together the 

numerous cells in the various parts of 

the brain and spinal cord, or pass between Jv^ — 

the ceUfl of these central nerve organs 

and special ^lls situated throughout the 

}>ody, which might be called the peri- 

pheral nerve organs. ^ 

The simplest idea then of a special Tig.i7. 

nerve apparatus is a fibre connecting two g, senBory leodving organ 
cells. The peripheral cell may be a re- with attadied afferent 
living organ (fig. 17, s), from which, g 
when stimulated, impulse are transmitted cells, 
along the fibre to the central nerve cell, 
where they give rise to certain impressions, 

and so we have a sensory nerve apparatus. Or the central nerve 
cell may be the r%pe^ng agent, getting stimuli from its central 
neighbours, and trai#mitting im- 
pulses to a peripheral nerve ter- pi . . 

minal, by which^the energy is, as m f /i pM I jl 

it were, handed over to a muscle (m) % |!f‘| u| 1 (1 

or glaiTd^^and so we have a simple g 1.1 m u 

motor or secretory apparatus. I N ^ I ^ % 

Where the effect of a stiriulus can ^ 1 « 1 j % 

be definitely traced from one nerve U ; \ 

cell to anothfr,and from thence by j ill 

a second fibre to a third cell, the ^ 4 

impulse is said to he reflected by l£j j 

the second cell to the third. And • jfi TO N J 

there we have what is called |i ^ V L 

reflex act. fj|| O j n 

The essential part of a nerve // |] 

fibre is a kind of protoplasmic 

band, in which the finest fibrilla or Fig.lS.—Three mednUated nerve fibres, 
thread-like marking can be made mednllaiy ibeath of which is 

^,, 4 . J J. J stained dark wifn osmio add. N, 

out With the aid of reagents and a N^des of Eaavier. 

powerful microscope. This is called Two non-medullated nerve fibres, wiUi 
the cam-cylinder. In some nerve n»oWintheialinltiy,iheatIi. 

fibres (mostly in the brain and spinal cord) the axis-cylinder is naked, 
and even, a single fibrilla may so pass from one cell to^othfr in the 
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brain matter. In other parts the axis cylinder is generally corered 
by a thin membrane, called the primitive eheathy or with a soft oil-like 


-0 






Fig« 19. — Mnltipolftr cdls from the anterior grey colvox# of the spinal cord of 
the dog-fish (a) lying in a texture of fibnla; (&) piblongation from odls; 

(c) nenre-filra cut across (Cadiat.) 

substance, called the medullary sheath, or, as is commonly the case in 
all peripheral nerves, by both. The primithe sheath encloses the 
medullaiy sheath, which sunpunds the axis>cylinder. ^ 








...S’ 


k^i 


fig. 99,— Oangjkm cells of frog, show- fig. 21.— Cells from the sympathetle gaaglioo 
lag stni^ and q>ina fibres. of a oat. The delicate protoplasm has 

(Aifter Beale and Arnold). iladTdled here sad theiefrm the oell wall. 

These fibres are made of peculiarly modified cells, which are, however, 
8oelon(jked aa not to be very easily recognised as such in adult tissue. 
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The nerve or ganglion cells vaay extremely in general form and sixe. 
The commonest in the nerve centres are large bodies with a clear 

well-defined single nucleus, and distinct nucleolus ; they commonly 
have two or more processes, which are connected by nerve fibres to 
other cells^ and to the axis-cylinder of nerves. This latter does not 
branch as the other processes sometimes do, and when it can be 
traced, appears to enter the protoplasm, running towards the 
nucleus. • 

The peripheral nerve cells are generally much modified, and often 
small compared with those in the centres. Besides the cells in the 
sporadic ganglia, which are large rounded corpuscles with but few 
processes — there are many other bodies ccmnected with the peri- 
pheral nerves which cannot be called ganglion corpuscles. They are, i 
however, nevertheless nerve cells. 

Muscles or CoNTfiACTiLs Tissues. — ^When changes take place 
in protoplasm adapting it specially for contraction, it is termed muscle 
tissue. The large masses of this tissue attached to the skeleton so as 
to move its various parts, form the flesh of the higher animals. 
Muscle tissue is, alidbst invariably, connected with nerve tissue, and 
acts in response to stimuli communicated from the nerves. In some 
of the lower animals the two tissues are so intimately related that it 
is not easy to #iparate them, and the development of both progresses 
equally as we ascend the scale of animal life. They are nearly 
related* in their origin, or even spring from the same primitive 
tissue. In fact, as has i^lready been mentioned {vide p. 20), they 
form but one structure in some o^ thelbore simple and less diffe- 
rentiated mimals. The neuro-muscular tissue which is formed ftom 
the outer layer of the embryo, is the forerunner of the muscles as 
well as of the nerves of the embryo of the higher animals. 

In the higher animals and man muscle tissue consists of two dis- 
tinct kinds of textures, commonly $oken of as — 

• • 

a. Smooth or non-striated muscle. 

b. Striated muscle. 

In the smooth muscle the individual elements present all the 
characters of a cell, but very much elongated and flattened, and con- 
tain a single long nucleus. They contract very ftowly and persis- 
tently and require a comparatively long time for the nerve influence 
to affect them, so that an obvious interval exists between the 
moment of their stimulation and their contraction. They are there* 
fore commonly found in the internal orgi^ and in^ situations where 
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gradual and lasting contractions are required. They receive their 
nervous supply generally from the sympathetic system, and perform 



ihe irtf***^ tnelaif rabbit. (Banricr.) atance (m) baa bm ruptnnd and 


separated from tbe aaxoolemma 
A. andB.*-~Kasdaoe]lainnFliicbdifferaDtiati(m (a) and (a); ip) wpmoo u nde r 
irf ***** bawaUaaan. (Scb&fer.) sarcolemma. (Baa^riar.) 

witbont onr being oonaeioiu of their activity or being able 
to eontiol a by o|tr wOL 
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Striated muscle tissue is made up of cylindrical fibres of su cb length 
that both extremities cannot be brought into the field of the microscope 
at the same time. Their exact relation to cells is not so easily made 
out as in smooth muscle, and doubtless varies in different muscles. 
Sometimes the fibres are made up of single cells, and in other cases 
they are formed by the permanent fusion of several cell elements 
which never differentiate into separate elements, owing to the im- 
perfect di^sion of the cells, but make up one mass, the multiple nuclei 
of which alone make its mode of origin apparent. The contractile 
substance is made up of two kinds of material, one of which refracts 
light singly, while the other is doubly refracting. These are ranged 
alternately across the fibre, making the transverse markings or strisD 
from which it gets its name. This striated material is quite soft and ^ 
is encased in a thin homogeneous elastic sheath called sarcolemma, 
which keeps the fibre in its normal shape. 

This form of muscle may be considered the widest departure 
from tlie primitive protoplasmic type imparting to it contractility. 
It moves with wonderful rapidity, contracting almost the instant its 
nerve is stimulated. It forms the great mass of the quick-acting 
skeletal muscles, oefiig attached to the bones by bands composed 
of a form of fibrous connective tissue, wliich form the tendons and 
fascicB. Muscles made of striated tissue are commonly under the 
control of the ^rill, and hence are frequently spoken of as voluntary 
muscles, but this term is misleading, for many striated muscles are 
not gof emed by voluntary control. * 

Thb Connective 'fissuE group, coming exclusively from the 
middle g^niinol layer, exhibits v%ry great varieties of form. Its 
cells differ much from the epithelial cells both in their character and 
their relations, and pairicularly in the adult tissues. 

Under the heading Connective Jissues are generally classed all 
those which support the frame and hold together the various other 
tissues and organSl They are— 

1. Mucous and retifonii connective tissue. 

2. White and yellow fibrous tissue. 

3. Cartilage. 

4. Bone — as well as certain modifications of th#se types. 

The cells of all these tissues have the pi'operty of manufacturing 
some material which however does not generally enclose them as a 
cell wall, but remains between the cells and forms the intercellular 
substance. The younger the tissue the g^ter is the pippordon of 
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ita coiiMitueiits, and the older the iesue the greater will be found 
the preponderance of the intercellular substance. 

Mucous TrssuB. — In certain parts of the embryo and in aonie of the 
lower animals a kind of connective tissue is found in which there is 
but little intercellular substance, the mass of the tissue being thus 
made up of cells. This cellular connective tissue never forms an 
important texture in the adult man, but is interesting as the probable 
tissue from which all the connective tissues ore formed in the 
embryo, and as occurring in abnormal growths or tumours. 

The first step in differentiation is the secretion of a large quantity 
of soft homogeneous, semi-gelatinous or fluid material like the mucus 
secreted by epithelium. In this the cells lie, either free or united by 



24.~Tmi>Tene section of the cbor^ donahe and Dcishbourmg aubatanoe 
a, cartilam ocIIb ; b.oell of the middle layer of embrro» e, muooua ttaaue . d, boun- 
dary of dtorda. (Gadiat.) 

long protoplasmic processes. This is the muc(nu tissue common in the 
lower animals, in textures of the embQro in the adi:\]t and in ]>atholo- 
gical growths of the connective tissue fy]>e. The processes uniting 
the cells may not be present, and the cells may be ledticcd to a 
minimum, as occurs in the \itreoua humour of the eye. But more 
commonly the soft gelatinous substance is i educed in amount, and tbe 
processes eonn6ct|pg the cells are converted into a dense network of 
delicate threads to form the retiform tissue of lymphoid structuxes. 

Fibrous Txssub.— T he cells may Ijecome further differentiated 
and fibrillated. When the thickness of the cell processes is great, 
and their fibrillation well marked, tbe cells appear to devote all their 
reproductible engigy to Hit formation of this fibrillated substance 
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wMcli ultimately forms the great bulk of the tissue, while the cells 
become gradua% and proportionately fewer in number. In this 
case only sufficient of the mucous substance generally remains to 
cement the fibrils together into bundles. A few of the cdls, however, 



Fig, 25.— of mnooiu iigrae with hranchiog proceneea (B) and a couple of elastie 
• S>)re«(F).*(Baii<iifr.) 



Fig. se.— roittoii of tendon from the tail of a young rat, atained with gold ehlcnide, 
ahowing arrangemimt of flattened ceUa on bundlee of flhrili. (After KleiiL) 

remain between the bundles of fibrils to preside over the nutritioii of 
the tissue. Thus is formed the non-elastic or white fibrous tissue of 
tendon. 
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Fig 2S.>-Eiartie membrane from inner 
Fig.27.~-CcMurae (a) «idflne(6)yenowdas- coat of aorta, and, below, meah- 

tic flbree after treatment with strong work of daetio flbrtffrom a yellow 

acetic add. (Gadiat.) ligament. (Cadiat.) 

As a general rule these fibiiU^are easily affected by dumical 

** j"^**'* 

lif. ».-A tmmS pnpmUtm of sooaeeUr* tlviM In some parts of 
f*"*^ ^"? ”*****^””.."*^ the body, however, 

a different kind or 
interoelliilar aub- 

rtanoe ii fixtAedi iriiich i» highlj elaatic, does not give gelatine on 
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boiling, and is not affected hj weak acids or alkalies. This is 
spoken of as Yellow elasHe tisme. It is sometimes found alone form- 
ing an elastic band or ligament, but 
more commonly mingled with fibril- 
lar tissue to form the common con- 
necting medium which lies under 
the skin and between the various 
other tQirtures. 

In Oartilaqb the intercellular 
substance secreted by the cells is 
hard, and forms in the earlier stages 
of its development cases or cell 
walls for the cells. These coses 
subsequently increase in thickness, 
and become fused toother into a ho- 
mogeneous intercellular substance, 
where ultimately the capsules belong- 
ing to the different cells can no longer 
be distinguished!!^ one another, so 
that in ^e adult tissue there is seen 
to be a tough matrix of intercellular 
substance, iiP which the cells are scattered, apparently occupying 
small cavities. These cells, which are the remote offspring of 
thosc^hich formed the tissue pemAneutly, preside over its nutrition. 



abrcMMxtilaae, thcmiiur oeUt in onptulei 
•ad dbitk fibrw in iiMtrix. (OidintO 

The intercellular substance, which is quite homogeneous in common 

• $ 



Pig. SO.—fiectScm of hyaline cartilage 
from the end of a growing bone, 
•bowing a decrease in the inter- 
odilular siibstanoe compared with 
the number of odl elements, 
which are arranged in rows. 
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hyaline cartilage, is aometiines modified so as to resemble fibrous 
tissue, sometimes the fibrillar, and sometimes the elastic form being 
produced. (Figs. 31 and 32.) 



Fig. 82.— WMbe fikoo-oaitilage, showing oelli (a) in oapsolet and flhrilkr 
matxix {b), (Cadiat.) » 

Bone is probably the most advanced differentiation of tlie 

connective tissue 
). The inter- 
dlular substance , 
is characterised by 
containing a great 
(juantifjr of earthy 
or inorganic matter, 
u liich gives * the 
^tissue its* enormous 
strength. It is, 
moreover, • eveiy* 
where traversed by 
the processes of tlie 
cells lying in little 
canals (canaliculi), 
whiA connect the 
spaces (lacumc) in 
which the proto- 
plasmic l)one cells 
sojouni. 

In the formation 
of bone from fibrous 
or cartilaginous 
tissue the original 
iiitcreellukr« suhitaiiee disappears, and a set of cells with new 
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fonnatiye pomrs oome upon the field (Fig. S4X These new cells 
(oeteohlasts) coTer the growing sui&ce of the bone and secrete and 
laydown in layers a new kind of inteicellular sabstancci which is the 
bone matrix. Here and there at wonderfully regular intervals an 
osteoblast ceasea to secrete the calcareous intercellular substance, 
while its neighbours continue formative activity. Consequently, this 
osteoblast, or as it may now be called young Imne cell, Incomes sur* 
rounded hy calcareous intercellular substance, and is thus perma- 
nently lodged in the bone tissue. 

The Yascuiab System is developed in the middle germinal layer 
with the earliest stages of the connective tissue. The blood vessds, 
which are chiefly made up of connective tissues, soon traverse all the 
parts of the body, and distribute the nutrient fluid or blood. And 
even the blood may be considered as an outcome of the connective 
tissues, since the c^ of the blood are at firsts formed from the meso- 
blast, and later from the connective tissue corpuscles. 

An arrangement of special cells, such as epithelial or muscle cells, 
with a specif fimetion, constitutes an organ. However, in the higher 
animals and man an organ is almost invariably^ implex structure, 
haviug various tissues entering into its contraction. Thus a 
skeletal muscle is made up of a quantity of muscle fibres held to- 
gether by sheets of connective tissue, and attached t^ bones by con- 
necting bands. It is further traversed by many blood vessels, and 
the fibres are in immediate relation to certain nerves whic]{^ termi- 
nate in them. The various secreting organs are made up of epithelial 
cells, held together by coqpectiae tissue and gi close zelatiou to blood 
vessels and nerves, and are so arranged that they pour tlieir secreti(vn 
into a duct The bones, which ire the oigans which giv% the body 
support, contain in addition to tie bone tissue of which they aie 
composed, a great quantity of indifierent cells, iat cells, nerves and 
blood vessels. They are covered^n the outside with a tough vascular 
coat, which gives them strength, asshts their nutritive re])air and 
reproduction, and acts as a xx>int of attachment for the muscles and 
ligaments. Where the bones are in immediate relation at the joints, 
they are commonly tipped with cartilage. 

then, we analyse anatomically the architecture of the human 
body, we shall fi^d that it is made up of a number of complex ports, 
each adapted to somc^ special function, and composed of such an oaso- 
nation of the simple tissues as the special part demands. 

The general arrangement of these organs and their modaa of action 
idU be discussed ina future chapter. 



CHAl^TER III. 

CHEMICAL BASIS OF THE BOD^T. 

It st^ems natural to commence the description of the molecular 
chani'es that take place in tlie various tissues and or^^ns of the body, 
with a brief account of the chemical composition of the most cha- 
lacteristic substances found in animal textures, because none of the 
inysteriotm processes of 10011 life, or tissue activity, cjin be satisfactorily 
studied without familiarity with the more* coiunion teniis occurring 
in physiological chemistry. 

The chapter on this subject here introduced, is intended rather to 
give the medical •stjgleiit a general view of the chemical composi- 
tion and characters of thoK* substances most frecpiently met with in the 
<*heinical changes specially connecUnl with animal lifts tliau to Bui)ply 
a com]>l(‘te or systematic account of the relationships of the chemical 
bases of tlie hotly, for which refeivnce must be made to moi'e advanced 
tiwt Woks, or treatises on the syecLd subject of physiological 
fhtuuislry. Jliis review must moreover be inade(|uate in the case of 
many IxMlies, but they ^ifl be a^piiii ^^^errod to when speaking of the 
function with which they an* nssocintetl. 

It lias ativaily l>een stated that^n the sixty-thn^e elements known 
1o chemists, a comparatively small numlier ftmu the gn^at bulk of 
the animal IkxIv, altliougb traces of many are const^mtly present. 
Thus, we shall see that ftuir element?!, namely, (1) oxygen, {2)carlKUi, 
(3) hydnigen, (4) yitrogen, are present in huge pro]>ortions in every 
tissue, and together make up alnnit 97 }K*r cent of the ImkIv ; and 
sulphur, phosphorus, chlorine, fluorine, silicon, jKitassium, sotliuni, 
mugneviuin, calcium and iron, are indisjumsable to tlie economy, and 
(ire widely distributed, but an* found in comjiamtively minute cpian- 
tities. Occasionally traces of zinc, lend, cop}>er, litiuum, and other 
minerals may l»e detected, but th<*se must W n'ganleil nitlier as acci- 
<lental than indispensable ingredients. 

The attempt to investigate the com]>oeiition of a living tissue by 
4 hemical analysis, must cause its death, and thus alter the arrauge- 
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ments of its constituents, so that its true molecular constitution when 
alive, cannot be determined. 

We know that the composition of all living textures is extremely 
complicated, eveiy one being made up of a great numl)er of com- 
ponents, most of which contain many chemical elements associated 
together in very complex proportions. 

But as has already been pointed out, the complexity of their 
chemical constitution is not so wonderful as another fact whkh sounds 
paradoxical, that, in order to preserve their elaborate composition, 
they must constantly undeigo a change or renewal, wdiich is neces- 
saiy for, and forms the one essential characteristic of, their life. In 
fact, their complexity and instability is such, that they require constant 
reconstruction to make up for the changes inseparable from their 
functional activity. 

Their chemicid constituents are easily and ]jenuanently di880ciate<l, 
and the various components are themselves readily decomposed, 
generally uniting with oxygen to form more stable compounds. 

The investigation of the chemical changes, kno\m as assimilation, 
forms a great part of physiological study, and th^efore will occupy 
many chapters of this book. Hei-e w'e can onl^all attention to the 
chief characteristic substances to be found in the animal l)ody, as 
the result of the primary dissociation or death of the textures, and 
briefly enumenite the products of their further decomposition a.** 
obtained by the analysis of the different substances. ^ 

The tissues of the higher animals present a gTeaU*r variety of sub- 
stances, materially difle^ng m chemical* qpmpositioif ; they have, 
however, all been made from protoplasm, and contain a pro|vortion 
of sc»me suijstancc forming a ledBing cbeTuical constituent of }>roto- 
plasm. Every living tissue contai/fs either protoplasm or a derivative 
of it, and the special characters of each tissue depend upon the 
greater development of mouie oD%of these su 1 »stance 8 . 

It is of little use to classify the^numerous chemical constituents 
found in the animal body, in such a systematic manner as to satisfy 
the rules of modem chemistiy, because their classification from a 
strictly chemical point of view*, does not set forth their physiological 
importance or express in any way the relation they bear to the 
vital phenomena of organisms. 

The following enumeration of the chief chemical ingiedieiits found 
in the tissues has r^nl to their physiological dignity as well as to 
their chemical construction, and will thus it is hoped assist the 
Student to distinguish the different groups, and give him a better idea of 
their nUfl rela^nships, t|ia]i a more strictly systematic classification. 
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A. NITROGENOUS. 

I. Complex bodies forming the active portions of all tissues — 

Plasmata. E,g.^ protoplasm, blood-plasma. 

II. Bodies entering into the formation of, and which can easily 
be obtained by analysis of Group L, Albumins. E,g,, serum- 
albumin. 

III. * Bodies the outcome of differentiation, manufactured in the 
tissues by Group I., Albuminoids. E,g.^ gelatin, &c. 

IV. Bcnlies containing nitrogen, being intermediate, bye, or 
effete products of tissue manufacture. E.g.^ lecithin, urea, &c. 

B. NON-NITROGENOUB. 

Y. Carbohydrates in which the hydrogen and oxygen exist in 
the proportioh found in water. jE.y., starch and sugar, 

VI. Hydrocarbons containing oxygen in less proportions than 
tlie al>ove. E.g., fats. 

VII. Salts. 

VIII. Water, t 

Class A. NITROGENOUS. 

Group /. Plasmata. 

Under this group may be plated a great variety of materials which 
must l>e ackn(>wle<lgeil to exist in the living tissues as exalted chemical 
compounds, 6f whose c)\emical constipation^ however, we are ignorant, 
since it is alteretl by the death of the tissue. 

There are some exceedingly unfftahle associations of albuminous 
bodies with other substances, and they at once break up into their 
more stable constituents, dead alhumius, fats, salts, Ac., as soon as 
they are deprived of tlm ojiportunitjes of chemical intercliange and 
assimilation which are necessary for their life. 

Although we can only theorise as to the real chemical constitution 
of such substances, we must believe that they really exist in the 
living tissues us chemical compounds, and, moreover, as chemical 
compounds endowed with sjiecial properties which impart the s|>ecific 
activity of their textures, whose molecular motion| in fact are the 
essence of the life of the tissues. 

Protoplasm : By far the most widely spread and important (»f these 
is the soft jelly-like substance, Pn»toplasuL This is the really active 
part of growing textures of idl oigaiiisms, whether animal or vege- 
table, and forms the entire mass of those ii|termodiate foiihs of life, 

# p 2 
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the protista, which are now generally regarded as the original fountain 
head of life on the globe. 

This material commonly exists in small independent masses (cells), 
in which we can watch all the manifestations of life, assimilation, 
growth, motion, &c., taking place. We must assume that this sub- 
stance is a definite chemical compound ; and, further, since the living 
phenomena are exhibited only so long as it preserves its chemical 
integrity, we may conclude that its manifestations of 11^ depend 
npon the sustentation of a special chemical equilibrium. Not only 
18 this equilibrium destroyed by any attempt to asceilain the chemical 
composition of protoplasm by analysis, but even for its preservation 
the protojdasm must be surrounded by those circumstances which 
are ^owii to be necessary for life, viz., moisture, warmth, and suit- 
able nutritive material, or its chemical destruction must be warded 
off by a degree of cold that checks its chemical activity. 

If the chemical integrity of protoplasm be destnyed and its death 
produced, many new substances appear, amongst which are representa- 
tives of each of the great chemical groups found in the animal tissues. 
Thus, besides water and inorganic salts we get^from protoplasm 
carbohydrates represented by glycogen, lecithin^and other fats, and 
several albuminous bodies, wliich will be described in the groups to 
which they belong. In addition to these, jirotoplasm often contains 
some foreign Ixxlies which have come from without, *and special in- 
gredients of its own manufactijre, such as r>i], pigment, starch, and 
chlorophyll 

Blood-plagma : There is^notber Ixxly in Kv^ig blood wliich must lie 
included io this group, as it undoubtedly hsu» a much more complex 
constitution than any of the indAridnal albuminous bodies^ piesently 
to lie descrilied, which can he obtained from it This is proved by the 
following facts: first, its death is acconi]ianie<l by a sc^ries of chemical 
changes, viz., disappearance of igee oxygen, <liminution of alkalinity, 
and a rise In temperature, and secondly, that s<*veral albuminous 
bodies appear which were not present os sucli in the living pLisma. 

The spontaneous decomfiosition of sefmrated blocxl-plasma may be 
delayed by cold ; at freezing point the chemical proa^sses are thus 
hdd in check. During life the exalted constitution of the plasma is 
sustained by ce|^in chemical intercbang4>s which go on between it 
and its surroundings. This question will Ije more fully discussed 
when the coagulation of the blood is descrilieil. 

Likewise, as will be found in tiu^ chapter on Muscles, 
there exists In the soft, contractile part of striabxl muscles a plasma 
which at its c^sath spontaneously break<$ uj# into several distinct 
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albuminouA bodies ;a&d forms a coagulum. These changes are ac' 
companied by acidity of* reaction, the disappearance of oxygen and 
an elevation of temperature, showing that distinct chemical change 
is taking place. 

Oxy^hcemoglobinf the colouring matter of the blood, should be 
included here amongst the important chemical bodies more complex 
than the albumins. This singular body can be broken up into a 
globulin *nd a colouring matter hcematin containing iron. It differs 
from all other bodies of a similarly complex nature from the fact that 
it rea<lily crystallizes, and also in the very remarkable manner in 
which it combines with oxygen, and again yields it up. 


Oroiq) 11. Albuminous Bodies. 

It is difficult to say how far these bodies exist as such in the living 
organism, but tliey can be obtained from nearly all parts, particularly 
those which ccmtain active protoplasm, and after its death they 
can be detected in abundance. As may be seen, by testing for their 
presence in livini/ protoplasm, the addition of any chemical re-agent 
or treatment causel* its death, so that although albumins appear in 
the test-tube, this cannot be accepted as proof that they would have 
answered to tlie tests hefon^ the protoplasm was changed by its death. 

They tlo not «>ccur normally in any secretion except those sub- 
stancei^ which tend to nourish the adult body, and to form and 
nourish the offspring, viz., the ovum', semen, and milk. No satisfac- 
tory fonnul^has been <)Uggested to »x press their chemical composi- 
tion, hut the avemge j>er-cent4H'e of the elements they contain is 
rcmarkali^' alike in all niembei's iff the group. This may be said to 
]ye in round numbers as follows — 


Oxygen . 
Hydrogen 
Nilrogeh , 
Carbon 
Sulphur . 


21 |>er cent. 

" w 

Its „ 

53 „ 

1 


They are amorphous, of varying solubility, and with one exception 
indiffusible in water. 

As far as we know at present, albumins cannot be constructed tU 
novo in the animal Isxly, but must be supplied in one form or another 
as port of the food. Albumins are tlierefore always the outcome of 
the activity of vegetable life, ^ * 
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They can be recognised by the following tests 

1. Strong nitric acid gives a pale yellow colour to strong 

Bolntions or solid albumin, which turns to deep orange when 
ammonia is added {Xantlwproteic test), 

2. Millon’s Re-agent (acid solution of proto-nitrate of mercur}') 

gives a white precipitate which soon turns yellow, changing to 
rosy^red on prolonged boiling, or after standing for some days, 

3. Solution of caustic soda and a drop of cupric sulphate solution 

give a violet colour to the liquid. 

4. Acetic acid and boiling give a white precipitate*. 

5. Acetic acid and potassium ferro-cyanide give a tlocculent 

white precipitate. 

^ 6. Acetic acid aud equal volumes of sodium sulphate solution 

give a precipitate on boiling. 

7 With sugar and sulphuric acid they bef(»ine violet. 

8. Ciystals of picric acid added to their solutions dissolve and nt 
the some time cause bead-like locjil coagulations. 

Classification of Albumii^. • 

Under the head of the albuminous bodies we find several classes 
which differ from each other in blight hut very iiu[)oit;mt points. 
The first class may be called * 

A, AWiuai/is Propm’, or Xative Albumins. • 

They consist of ; • • * • * 

1. JSgg-AUmmin, which does not occur in the onlinary tissues of 
the animal, can he ]>rocured bj^ filtration from the white of an 
egg. It makes a clear or slightly opalesa^nt solution in water, 
lh>m 'which it is precipitated by mercuric chloride, silver nitmte, 
lead acetate, and alcohol. It is qpagulated b}' heat, strong nitric and 
hydrochloric acids, or prolonged exposure to alcohol and ether. 

2. Serum^AUmmin^ on the other hand, is one of tlie chief forms of 
albumin found in the nutrient fluids. 

It dififers from egg-albumin in — 

(a.) Not coagulating 'with ether. 

(k) The preapitate obtained by strong hydrochloric acid being 
rea^y ledissolved by excess of tlu* acid. 

(e.) Coagiilum being more reaiiiiy soluble in nitric acid. 

(dL) Its specific rotatory power being 56^, while that of egg- 
aUrnmin is 
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(e,) If introduced into the circulation, it is not eliminated with 
the urine as is egg*albumin. 

B. Globulins, 

A8«ociate<l with the last during the life of the tissues we find 
another class of albumins, namely, the globulins, which do not dissolve 
in pure water, but are more or less soluble in a solution of common 
salt. Thvse may be divided as follows : — 

1. Globulin (crystalline) occurs in many tissues, but is usually 
obtained from an extract of the crystalline lens made by tritumt- 
iug it with tine sand in a weak solution of common salt, and tlien 
passing a current of carbon dioxide thi'oiigh the solution. The 
globulin falls, being easily precipitable from its stiliue solution by 
%^ery iveak acid. This form of globulin does not cause coagulation on 
its being mlded to a seijpus fluid, and in this respect differs from tlie 
next members of this division. 

2. Paratjlohnlin (fUtrinopUistin) can be obbiined bypassing thr<»ugh 
diluted serum a brisk strciim of carbon dioxide. When a fluid con- 
taining puraglobi|Jin is added to a serous transudatiou, it causes 
coaguhition of the flfid giving rise to fibrin. 

3. Filtrinoffnit a viscous precipitate got from seroinn fluids or blood 
in the same as the last, but witli greatt*r dilution and niom jnx)- 
longed use of carbon di(»xide. It is Minilar in its characters to the 
last, bjt coagulates at a lower tenyx^mture (55® (\) (paniglobulin 
coagulating at flO® — 70^ C.). On its addition to deflbrinate<l blood, 
or a fluid cofttainiiig jim^hdailin, itjbrm^a coagiilum. 

4. Myomn^ obtained from deatl muscle, being the soft jelly-like clot 
fonned (lifting rUjor viortis from thi dying muscle ]>labiua. It is not 
so soluble as globulin, for it rtsjftires a stronger solution of salt to 
dissolve it, and is pn^cipitated fi^mi its saline solution by solid salt or 
by dilution. It is coagulateil at 60®^C. 

5. Vitellin^ a white granular proteid obtained fi'om the yolk of egg. 
It is very soluble ni 10 }H*r cenL saline solution, from which it can be 
precipitated by extreme dilution, but not by saturation with salt. It 
coagulates lictweeu 70” and 80*^ C. 


C. Derived Albamim {Albumimtes^ 


1. Acid-Alhumin (Syiitoniu) can be mode from any of the preced- 
ing by the slow action of a weak acid ; or by the addition of strong 
acidic or hydrochloric acids to native albumin, such as exists in white 
of egg, and dissolving the jelly, thus formed, in watei\ It is only 
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soluble in weak acids — exact neutralisation precipitating it. With 
the least excess of alkali the precipitate redisBolveSy becoming changed 
into alkali-albumin. 

So long as it is dissolved in weak acid it will not coagulate on 
boiling, but it coagulates and becomes incapable of re-solution if 
heated while precipitated by neutralisation. 

2. — Similar to the last, but produced by the action 
of either 'weak alkalies and dilute solutions, or strong solutiomof potash 
on white of ^g. Its general behaviour is the same as the above — 
but as it differs in composition, containing no sulphur — it can there- 
fore be distinguished by the absence of the brown colouration whicli 
appears on lieating acid-albumin adth caustic t>otash and lead acetate. 

3. Ca6ein is the proteid existing in mil^ and resembles alkali- 
albumin in its reactions. It can be precipitated from milk by 
rennet^ or acetic acid in excess, but not bj^ exact neutralisation, 
owing to the presence i>f potassium phosphate. 

D, Fibrin, 

A solid fflamentous body, the result of cheiuica^hanges accompany- 
ing the death of the blood-plasma, during which the so-called fibrin 
generators are set finee. It swells in weak hydrochloric acid, but does 
not dissolve while cold. If heiited to 6(f C. in acid, it changes to acid- 
albumin and dissolves. By 10 per cent neutral saline solutions, a 
substance like a globulin may ^ extracted from it If bedted, it 
assumes the characters of a coa^^jilated prot<iicL # 

E. CoaguUikd Albumin. ^ 

If any of the above be heated to^ 70® C. (except acid and alkali 
albumin, which must first be precipitated by neutralisatirm) they 
coagulate and become extrenie]|r insoluble ami lose tbeir fonner 
cbaiBCters. They are but reiy slightly acted on by^weak acids, even 
when warmed. Strong acids dissolve them, but this solution is asso- 
ciated with a destructive change. They are, however, readily con- 
verted by the digestive ferments and juices into i>eptones, and thus 
dissoIvecL 

• F. Pejdone, 

This substance is formed by the action of the digestive ferments 
from any of the above albumins, in the stoniacb by pepsin in the 
presence of dilute acid, and in tlie small intestines by try|istn in the 
presence o( dflute alkali. ^'Hiis change renders them more soluble 
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and diffusible, and thus enables them to pass out of the alimentary 
canal into the system, and makes them more suited to take part in 
the nourishment of the body. 

The leading characteristics of peptone may be thus enumerated : — 

1. Very ready solubility in hot or cold water, acids or alkalies. 

2. Not coagulable by heat. 

3. They are precipitated by alcohol but not changeil to the co- 

agulated form. 

4. They diffuse readily through animal membrane. 

5. They are not pi*ecipitated by sulphate of copper, chloride of 

iron, or ferro-cyanide of potassium and acetic acid. 

6. They an* precipitated by iodine, chlorine, tannin, chloride of 

mercury, and the nitrates of silver and mercuiy. 

7. Caustic potash and a trace of sulphate* of copjx*!* added to 

their solutioiiL give a red colour which deepens to violet if 

too much of the copper salt lie used. 

The f<»rniation of p(*ptones is a giadual piticess having many inter- 
mediate steps, in the earlier stages of which, precipitates aie formed 
by ferro-cyanide ^^f>ta.ssium and acetic acid. {Vide Chaps. VIII. 
and IX. and on Chemistry of Digestion, ]>[>. llt> and 124.) 

• Grm}) in. Albuminoids. 

Tlies^ an* the outc<»nie of nutritj^ve moilification of protoplasm, 
and may Ik.* sahl to be directly maim fact u ml by tiiat 8ul>stance, 
and to be specially adaf>ted to ineBt th^* nHpiin*mentH of certain 
textures diffenug \^idely in function. They are allied to one another 
and to the fast group h} — (a) their i)?r centage composition • ; (b) con- 
taining nitrogen ; (c) being amoqihous colloids. They differ from 
albuminous bodii*s in —{a) tlieir solubility ; (b) their beliaviour to 
heat, acids, alkalies and tho <ligestiBe tiuids ; and (c) their value as 
food -stuffs. 

1. Mucin is the characteristic iiigretlient of the mucus maiuifacturoil 
by epithelial cells, and is also found m connective tissue (abundantly 


** The fulluvrttig Table the compoattion of the i»nnci|tal allmiuiiii»i(U and 
albuiiiiii . — 
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in that of the foDtus) and in some pathological growths. It gives a 
peculiar thick ropy consistence to the fluid containing it, enabling it 
to be drawn into threads. It is precipitated by mineral acids, alum, 
and alcohol, and the precipitate swells in 'water and is re-dissolved 
in excess of the acid. With acetic acid a precipitate is formed which 
does not re-dissolve in an excess of the acid. When boiled with 
sulphuric acid it jdelds leucin and tyrosin. 

2. (Jhondrin is obtained by the prolonged boiling in watej of slices 
of cartilage cleaied of the jierichondrium. On cooling, this solution 
forms a jelly. The jelly dissolves easily in hot water or alkalies, and 
can be precipitated by acetic or weak mineml acids, alum or acetate 
of lead. It gives only leucin on boiling ■with sulphuric acid. 

3. Gelatin is produced by boiling fibrous connective tissues, such as 

ligaments, tendons, the true skin and bones in water. On cooling, 
the fluid forms a jeUy, which can be dried to a colourless brittle body 
whicli swells in cold w^ater and dissolves on l)eing heated. It is 
not precipitated by acetic acul, but yields precipitates with chloride of 
mereuiy or tannin, which latter is seen in making leather. On 
boiling with sulphuric acid it yields glycin and leucin but no 
tjroshi. ^ ‘ 

4. Elastin is obtained from yellow elastic tissue by boiling with 

caustic alkalies. It is little affected by Iwiling water, strong acetic acid, 
or weak alkalies, but dissoh^s in concentrated sulphUlic acid. It is 
precipitated by tannin, and yields leucin when boiled with sulphuric 
acid. • 

5. Keratin exists in the ep^ennic apixni^iges (haiF, horn, nails, 
^c.). It is like the albuminous bcxlies in containing a considerable 
quantity of sulphur, but differs <4rom them and the otligr albumi- 
noids in geuei^ properties. It ^ soluble in alkalies, swells in 
strong acetic acid, gives the xauthc»proteic reaction, and is extremely 
insoluble in the digestive juices.^ 

Group IV. Pboducts of Tissue CinaNOE. 

IfUermediate or bye products. 

These are, no doubt, protoplasmic manufactures destined for s«aue 
useful purpose, but they do not long exist in their original fonn, 
being often brok^ up into other com|Kiunds they are re-absorbed, or 
jmss away with the fasces. These b^es are found in the various 
secreUonfl. Most of them, however, can be better descrilied with the 
function of the gland which forms the secretion in which they occur, 

Attentiiyi must here be drawn however to certain complex Ixxlies 
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existing in the bile. Some complex nitrogenous substances and 
the monatomic alcohol, cholesteiiu, will also be now mentioned. 
But Hie reader must remember that chemically they are not con- 
nected with tlie other bodies the description of which immediately 
follows theirs, namely, the effete products. 

BUc Salts . — Two acids exist in Hie bile united with soda to form 
soluble soap-like salts. They may be recognised by the purple violet 
colour produced by cane sugar and suljihiuic acid at a temperature 
of about 70° C. (Pettenkofer’s reaction). 

Tmrocholic Acid^ is most plentiful in the bile of 

carnivora and man, where it occui’s combined with soda. It is 
decomposed by prolonged boiling with water into taurin and cholic 
acid, thus ; — 

Timrorholie Acid. Taurin. Cholic Acid. 

+ H,0 = C^H^NSO., + 

(ihjcocholic And, found in the bile of herbivora and 

man. It crystallises in line white glistening needles. It exists as 
the glycocholate of soda in the bile. By boiling with weak acid it 
yields glycin and aln^ic acid. 

Glyt'ocholic Acid. Glycin. CTiolic Acid. 

+ HgO « CgNHgO, -f 

In the bile oiTtain matters also e.vist to which the colour is due, 
the principal lH.‘ing Uliruhin in man and caraivora, and Inliverdin in 
lierbivoftL They are probably derived from the colouring matter of 
the bl(KKi. TJiey can be jpecognised liy treating the solution with 
nitric acid whh h is colofiriKl ith red*fum^, when a play of colours 
emling hi i^dull purple is .seen. • 

Lecithin, is a ctinjilex niti*ogenoU8 fat found in 

most tissues and liuids of the body, particularly in the iierv'e tissues 
and yidk of egg. It is an intei*e8tiug prmluct of decoinjiosition of the 
constituents of the bniiii, w’hich is ^Hilated in constitution to the 
neutml fats, and itinny be regarded as an acid* glycerine ether. It is 
easily dec<»mjK)sed when heated with l»aryta water, splitting into 
glycerin, pho.sphoric acid, neuriii, and barium stearatt*. 

Another body calletl Ctreltrin, not containing any phosphorus and 
of doubtful composition, can l»e obtained from brain substance, and is 
also found in nerve fibres and pus eor|>uscles. It is B light colourless 
powder which swells in water. 

pTotmjon, is by some supj>osed to he the chief 

constituent of brain substance, and by others said to be a mixture of 
the last two bodies, , 
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NmHn (Oidin), C^HiaNO,, is an oily liquid only f<»und in the 
body as a product of the decomposition of lecithin, but it has l>een 
obtained synthetically. 

Chokiterinf exists throughout the body where active 

tissue change is going on, particularly the ner\" 0 U 8 centres. It is a 
monatomic alcohol, and is the only one existing free in the body. 
It may be obtained from gall-stones, some of which consist entirely 
of cholesterin. It may occasionally be found in a crystallised form in 
any of the fluids of the body normal or pathological, but it only 
seems to be an effete product, nearly all that produced in the body 
being discharged along with the effete portions of the bile. It muy 
Ije recognised by the shax>e of the crystals, which are rhombic plate'<, 
in which one comer is generally deficient. 

Effete ProdticU. 

These, as has been stated before, are generally the outconie of 
the active chemical changes necessary for the growth and vitality of 
the living protoplasm, and are for the most part soon eliminated by 
the excretory glands, so that but small quan^jtifs of them can Ik** 
found in the active tissues where they are produced. 

Ureuj CO(NH,),, is the most important constituent of the urine 
of mammalia, but not of that of birds or reptiles, il'races of it may 
be found in the fluids and tissues of the body. It is readily soluble in 
water and alcohol, and forms crystals when its solution is^conceu' 
trated. It decompo^es when treated with some strong ac^ls or alkalie 
taking up water and yicldin/| CO* and NIP*, and with nitrous acid 
gives CO* + N + 11,0. It the firtst of the so-called “ organic 
compounds to be made artificially^ being obtained in 18^9 by mixing 
watery solutions of cyanateof jiotaBsium and sulphate of animoniuni, 
evaporating to dryness and extracting with alcohol, or in short by 
heating cyauate of ammonia wM which it is isomeric. 

CN )• co-y 

Ammonium CyanateaoK H* 1 0 = H, > N,— Urea. 

It can now be produced artificially in other ways. 

It has also been considered to be a diomide of carbonic acid 
(CO(OH)*), the^two atoms of hydroxyl being n^placed by two 
atoms of amidogen, NH„ thus-^CO(NH*),). In the presence of 
septic agencies, in a watery solution, urea takes up two atoms oi 
water and is converted into carbonate of ammonium — 

CO(NH.)* + 2H*0 « CO(ONH*)*. 
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The 80 -called alkaline fermentation of urine depends upon this 
cliange. The reader is referred to the Chapter on Excretions^ p. 329, 
where more complete information is given. 

Kreaiin^ occurs in muscle and many other textures. 

It may lie converted into kreatinin hy the action of acids by f>imple 
deliydration. It can also be split up into sarcosin and urea. 

Kreatinin, C*HyNjO, is a dehydrated form of kreatin, which is a 
normal cq^istituent of urine. In watery solutions it is slowly con- 
verted into kreatin. 

Allojftoin, found in the allantoic fluid and the urine of 

the f(etus and pregnant women. It is crystallisable, and is converted 
into urea and allantoic acid by oxidatioiL 

C,H 30 

(tli/cin {Ghjcocdl or Olycocine) C3Hj(NHj)0*0H, or H 

H 

» 

is regarded as amido-acetic acid. It does not occur free in the body, 
but enters into the composition of the bile acids and hippuric acid. 
It is soluble in uater. 

• ^ ) 

Leucin, n,)0‘0H, or H ^ N, ainido-caproic acid, 

is found in the^secretion of the pancrt^as and some other glands. It is 
one of the principal products of the decomposition of albuminous 
bodies^froiu whicli it can be obtained by boiling with sulphuric acid. 

Tyrosin, ^hsugh belonging to a distinct chemical series 

(ar<»matic), is only found in company wittf leucin in the decomposi- 
tion of alibuminous bodies, and nofmally in the panci'eatic secretion. 

Tauriii, or xt’ u® f is a constituent of one of the bile 

1I3 ) 

aciils, and is also found in muscle-juifce. It may be ivgarded as amido- 
ethyl-Hilphonic iicid. * 

Urii Acid, (dilwisic), is found in large quantities in the 

excTcment of bii-ds and reptiles, but in a small and variable quantity 
in the urine of man. Traces have been found in many tissues, in 
smm* of which laige quantities accumulate as the ivMilt of |>titholo- 
gical processes (gout). It forms (alts which aiv ifluch less soluble 
in cold than in hot water, and make the common setliment in urine. 
The acid salts aiv lees soluble than the neutml. The common test 
for uric acid consists of slowly evaporating the subshmce to dr>*- 
iiess with a little nitric acid, and to the residue adding auiiuouia 
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when a bnght purple colour is produced (murexide test). Uric 
acid is supposed to be a step in the production of urea, which is one 
of the results of its oxidation in the presence of acids, thus : — 


Uric Add. AUoacim. Urea. 

0,H.N.O, + H,0 + O = + CO(NH.)^ 


Hippuric Acid, C,H,NOj, or C, ” 




occurs in considerable 


quantities in the urine of the horse and herbivom generally. It is 
found but very sparingly in man’s urine, but it appears in large 
quantities after benzoic acid and some other medic^iments have Wen 
taken. In constitution it is an amido>acetic acid in which one atom 
of the hydrogen is replaced by the radical benzoyl ((.^HaO). In the 
body it is combined with leases, and is forified out of beiiz<ac acid 
and glycin (amido-acetic acid) {ride p. *332), thus — 


Otrnn. Bciuoie Add. Hippurio Add. Water. 

C,H,(NH^OOH + C,H.O, = C,H(C,H,0)(C,’lf.)00H + H,0. 

By heating or putrefaction it is resolved into these constituents. 

Indol^ CgHylSi, is prwluced in the intestinal C4ma! by the putre- 
factive changes brought about by septic agencies during }>ancreatic 
digestion. It gives an odour to the fiece.s and a red colour witimitix>u8 
acid. » 

Indirnn, a peculiar subdlanc^ sometimes fouinl in the urine and 
sweat. With oxidising agents 4 yields indigo blue, this fact 
it is easily recognised. An er^ual 4 ^'olume of hydrociiloric acid and 
a very small ({uantity of calcium hy{H>chlonte (bleach ing-liroe) is 
a<lded, ami the indigo which is formed can tiicn be dissolved and 
sepaiaUMl by agitation with chldh>fomi. 


Class B. NON-NITROGEN O US. 

Qroup V, Cabbohtdrateh. 

fr/rmula, C.H^O.)are bodies in which the 
byditigen and oxygen exist in the some proportion as in water, the 
carbon being variable. The following examples of this group are met 
with in the textures of the body 

Qmpe tktfBtr ^ oceurs in minute quantities in 
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the blood, chyle, and lymph. It formH crystals which readily dis- 
solve in their own weight of water. The watery solution has a 
dextrt>-rotatory power on the ray of ix>larised light. When mixed 
with yeast, the fungus (Siu'charomyf'^is cei'evm(r) of the yeast causes 
alcoJwlic fennentation of the sugar, whereby alcohol and carbon- 
dioxide are formed. 

Dextrose. Alcohol. 

C,H„0e-2C,H,0 + 2C0, 

Moderate lieat (25'’ 0.) aids the process, and cold below S'’ C. checks 
it ; an excess of either sugar or alcf)hol stops it. 

The presence of casein or other proteid material, when decomposing, 
gives rise to lactic fermentation^ proflucing fii’st lactic acid, then 
butyric and carbon-dioxide and hydrogen. 

Dextrose. IjuiticAcid. But>Tic Arid. 

+ 2 CO, + H, 

Milk Hiujur {Lacto9e\ + H,0, isomeric with cane sugar 

(sucrose). — It is tile liiaracteristic sugar found in milk. It is not so 
soluble as de.xtrose, and does not undergo direct alcoholic fermenta- 
ti(ui,but under the influence of certain organisms it nwlily gives rise 
to lactic acid b}*lactic fennentation in the same way as dextiH>8e. (See 
Milk.) 

Innsi9^ C^H + 2 H,0, is an if^mer of grai>e sugar, which is 
incapable of ^imlergoing i^lcoholic fennentation. It is crystillisable, 
and easily ‘soluble in witer. It has Ao eiAct on the polai ised ray. 
It is fouiK^ in the muscles, and als^ in the lungs, spleen, 1i\er, and 
brain. $ 

Ohjcoge^x^ a ImkIv like dextrin, first found in the 

liver. It gives an o]ndescent sidutioti in water, and is readily con- 
verted into dextnme by an amylol;ftic ferment, or weak acids. It 
has a strong dextro-rotatory j»oieer. It can be found in most rapidly 
growing tissiu's. (See Glycogenic Function of the Liver, p. 307.) 

Group VL Hyprocarboxs, 

These liodieb liave the same elements in their composition, but 
the hydrogen and oxygen have variable propOTions— -not that 
of water. Fata are found in large masses in some tissues, and 
also as fine particles susjicuded in many of the fluids. The fat of 
adipose tissue in man is a mixture of olein, {lalmitiii, and stearin, 
which arc commonly spoken of as the neutral fats. • 
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The first is liquid and the last two solid at nonuol temperatures^ and 
the varying consistence of the fat of different animals depends upon 
the relieve proportions of the more solid or liquid fats. 

Fats are soluble in ether and cliloroform, but quite insoluble in 
water. When agitated in water containing an albuminous body, or 
an alkaline carbonate in solution, fluid fat is broken up into small 
particles, which remain susjwnded in the liquid so as to form an 
opaque milky emulsion. 

Chemically, they ai*e regarded as ethers derived from thft triatomic 
alcohol glycerine, CgH^(OH)g, by replacing the hydrogen atoms of 
the OH group by the oxhlised nidicals of the fatty acids : thus — 

Glycerine Palmitic Acid = Tripalmitin + Water. 

C,H.(OH), + 3 (C„H„0,)-(\H A (r..H„0). +3 H.O. 

Under the influence of certiiin ferments tjiey sepirate into glyce- 
rine and the fatty acid, taking up the necessary elements of water. 

When the neutral fats are bi)ile<l with alkaline solutions they are 
similarly decomposed, au<l uniting with the elements of water, form 
glycerine and fatty acid& The glycerine is Uiuf set free, but the 
fatty acid combines with the alkaline metal to form a kind of soluble 
jKMtp. An insoluble soap may be obtiiined by substituting lead or lime, 
&a, for the alkali. 

This splitting up of the neutral fats, stearin, palmitin, and olein 
into sodium stearate, palmitate^or oleate goes on during d|ge>tio 2 i, 
and is said to be useful in aiding the absorption of fatty matters. 


INOIUM^iC BODIKS. 

JFater (H,0) is pn^sent in neaity all tij^sues in laiger proj>ortion 
than any other cf>mp<mnd, making up alwiit 70 per cent, of the entire 
l>Ddy- weight. The amount in each texture varies, and thus the different 
tissues have widely 4lifferent consistenc**. 

Water is introduced into the bodj^ in all kinds of <lrink, and a 
large quantity also taken with our solid foo<l. It is highly probable, 
that in the chemical changes which take plme in the tisHucH, some 
water is formed by the oxidisation of the hydrogen of the more com- 
plex substances.^ 

In the economy it acts as the universal solvent in the fluids of the 
1>ody, and as the agent by means of which the <‘hemi<al cliaiiges of 
the various organs are enabled to l>e accomplisbe<i. 

The water leaves the hotly by the lungs as va]Kmr, and by the 
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Akin, kidney, and many other glands, os the fluid in which their secre- 
tiona are dissolved. 

Inorganic acids occixr cither combined to form salts, in which con* 
dition we find several in the body, (sulphuric, phoH]»horic, sUicic), or 
uncombined. In the latter state we have only two, viz : — 

Hydrochloric Acid, H Cl, which is manufactim*(l by the mucous 
membrane of the stomach, and takes an imjKirtant ])art in gastric 
digestion.^ 

Carbmic Acul Gas, COj, exists in most of the /iuids of the boily, 
having been absorbed by them from the tissues during their com- 
bustion. The venous blood contains a considerable quantity, which 
is got rid of during the passage of the blood through the lungs. 
It is distinctly a waste product, that must he constantly ehminated 
from the body (see Respiration). 

A luige number of salts occur in the tissues, generally in small 
r|uantity, in solution. In the teeth and in bone tissue salts exist in 
the solid form, and in much greater proportion than in any of the 
soft 2»art8. Most of the salts are inttfsluced into tlie economy with 
the food, hut some, doubtless, are formed in the lx)dy itself. Our 
knowledge of the exoJb iKisitiou occupietl by the salts in the textures 
is very incomplete, as their amount is only estimated from the wdi 
of the tissue which remains after ignition, by which process they 
become altered,* so that it is impossible to siiy what ai*e the exact 
salts that are present in the IxKly. They doubth^s form chemical 
4 ‘oiubimAious with tlie complex organft compound**, which we do not 
underetaml, aad probablj” have iiiqwit^ut functions to perform, such 
as rtmdering cerhiiii materials (globulins) sofiible, or otlieiwise. facili- 
tiitiiig tissqp change. The salts pas#out of the l>o<ly in many secre- 
tions, notably in the urine, where they have great infliience on the 
eliininatioii of tirea, and therefore form a most im])ortaut constituent 
of that secietion. ^ 

Conumn Salt (Sodium Chloride), NaCl, is the most widely spiead, 
and is present in ^eater <piantity tiiaii any other salt iu all fluids 
and tissues, except in liones, teeth, re<l blooil cojpuscles, and red 
muscle. 

Potassium Chloride commonly uccomptuiies soilium chloride in small 
quantity. In the red blcK)d airpuscles, and in inu^le it occurs in 
greater amount tlian the sodium salt, while in the blood ])la 8 ina but 
little is found iu coni|)arieon with the wxla salts, ami any excess 
seems to act as a poison to the heart 

Carbonates and phosphates of calcium, s«Klium, ptitassium, aud mag- 
nesium occur in small quantities in most tis^es. The eartlQr part of 
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Itone is dii^y composed of calcium and magnesium phosphate and 
calcium carbonate, together with some calcium fluoride. 

Sulphates of sodium and potassium, probably formed in the body 
Imm oxidisation of the sulphur in the complex proteid materials, 
occur in most tissues, and are removed from the body by the 
kidneys. 

}iWlIy we find two of the elements fine in the textures. Of tliese 
(k^n plays by far the most important part. It is widely distri- 
buted among the fluids of the body, from which it can be removed 
by reducing the pressure of the oxygen of the atmosphere by means 
of an air-pump. Oxygen is intrcnluced into the body by the lungs, 
where the blo^ takes it from the aii*. In tlie blood only a small 
i[uantity of that which can 1 h» removed by the air-pump is really 
free, the remainder is chemically combined udth the colouring matt(*r 
of the bloo<L It is absolutely necessary for life, as it alone can 
enable the chemical changes of the tissues, u^iich ai*e mostly oxidisa-* 
tioms, to go on. It is, in fact, the element necessaiy for the slow 
combustion which takes place in the nutrient material after its 
aMimilation. ^ 

Niirogen also occurs in the blood, but in ^significant quantity. 
It is absorbed from the atmosphere ns the blood passes through the 
lungs. So far as we know, it has no physiological importance in the 
Wly. 



CHAPTER IV. 

'tfie vital chauacters of organisms. 

The manifostatiou of so-called vital phenomena in man forms th * 
suhject-mnttcr of the following cliaptew, and some kind of exphina- 
tory definition (»f the ^'it4ll diameters of the simpler organisms will 
he useful in preparing the l)eginne^^s mind for the more intricah* 
questions in human physiology. This, with the foregoing short 
account of the chemical ami stnictuml peculioi ities of animals, will 
complete a rough outline of the general character of oiganisma. 

Protophwm has already been referred to as the material capable of 
showing “ vihd idiem^mena,’^ the most obvious and striking of which 
are its movementf. # 

Besides the common molecular or Brownian movement of the 
granules of protophism— which may be seen in most cases where fine 
granules are suspended in a less dense medium — protoplasm can 
perform motions of <liftert»nt kinds which must be regarded as dis- 
tinctly *'ital in character. This movement may l>e said to be of thive 
different kinjjs, according to the results prtduced, viz. : — (1.) The 
production of internal Currents. (2.^ Chemges in form. (3.) Loc(»- 
motion. In reality the two latter ye dependent on the first. 

The f»c<flirrence of currents Iroy one part of a ]>ortion of proto- 
plasm to another can l»e well seen in vegetable wlls, when the cell 
wall restricts the more obvious change in form or place. Thus in 
the cells fonning the hair on the stallicns of Tnukscantia Virginica 
the various eiinviUs can l»e seep in the layers of protopLasm which 
line the cell wall. 

The granuhir jMirticles course along in varying but definite direc* * 
tions, passing one another like footqmsseiigers in a crowded street 
The first and most ohvhnis result of this is, that the various parts of 
the sul)stance are c-onstuntly bixmght iiih) contact >/#ith one another, 
jind thus the protlucts i»f any chemical changes taking place at anj^ 
given ])art of the cell liody are rapidly distributeil over the entire 
mass of the protoplasm. 

If there he no definite cell wall— as in naked vegetable sjK>re8 atid 



52 


MANUAL OF PHYSIOLOGY. 


amooboid fcmis of aniiual life — ^to resti’ict or direct the current of 
protoplasm, it flows out in varitms directions in biidlike processes, 
which, appear at various parts of the protoplasmic mass, so as to 
cause a constant change in the form of the cell. These outsti t‘tch<Hl 
processes sometimes flow together and unite com 2 >letely, often en- 
closing some of the medium in which the creature is suspeiuled, or 
catching some foreign ][)article floating near them. 

The flowing out of these pmidojwdia conniionly takec plat‘c for 
some little time persistently from one side of the cell ; and the lK)dy 

of the cell, as it wore, has to follow 
the protrusion of the pujcesses in 
'‘uch a manner that in a little time 
definite change in ]>o8itiou or 
movement in a certain direction 
<K‘curH ; t^us the unit of proto- 
]>iasm may be said to perform defi- 
nite progression or locomotion. All 
these movements may be in 
the white blo|)d qoqmscle of a cold- 
blooded animal, such ihi a frog, and 
Htill inon* easily in tlie nnitcdluhtr 
being known as aiuadia. 

Vari(»us influences may Ixj Kvn 
to affect the late i>f movements, 
and proliahly influence at the same 
time life fOthcT iictiVities of tltc* 
protoplasm. Fo^emo^t among these must W named : — (1.) Ttaiptra- 
ture. If a protoplasmic unit which is ol»served to l>e riiotik: he gently 
warmed, the moyements Ijecome iiau’e and more active os the teuijK^- 
rature is raised, until at a certain ixiint, about 3o®-~42'^ C., a spasm 
occurs, resulting in the withdaiwal of the pseudoiKKiia ; soon aftei 
which the cell assumes a spherical hhajM*. If the heat be caiefully 
abstracted by tlie gentle ami short appliaition of cold, the proto* 
p lfif tii may be made to nxrover and again commence its movements. 
If, on the other hand, cold be applied to moving proto|)lasin, the 
motions become less and less active, and (ximmonly cease at a tem- 
pesature about i|r n little overdue. (2.) Mtchanmil irrUuluni als(» 
prodacea a mai'ked effect on the movements of protoplasm. This may 
Wwell seen in the behaviour of a protoplasmic cell of frog^s bhxd 
under the microscope. It is spherical wdien first niounteil, owing tt» 
the treatment it goes thiough while being placed on the glass 
slide aai<I covcreil ; shois^ly Its movements beaime obvious by its 
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Fig. 35.~^A]i amoeba ligaml at two dif- 
ferent momenti diiniigr moTonent, 
ahowiiw Ik clear outer layer and a 
mofe gnunilar caentral portion, 
(a) NadeDa; (0 Ingcatod foud| 
(Oegenbaaer.) 
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cliange in form, wliit li may again be checked by a sudden motion of 
the cover-glass. (3.) Electric shocks given by means of a rapidly- 
broken induced current cause spasm of the x^rotoplasm, the cell becom- 
ing si>herical. (4.) Chemical stimuli sXm have a marked effect ; carbonic 
acid causing the mo\’eiuent8 to cease, and a supply of oxygen making 
it active. The movements and other activities of protoplasm are, 
during life, frequently modified and controlled by nerve influence, as 
will app^r in the following pages ; this may readily be seen in the 
stellate pigment cells of the frog’s skin, which can be made to con- 
tnict into 8])hercs by the stimulation of the nervefi leading to the part^ 

The motions of protoplasm are thus seen to be greatly affected 
by external influences, but the most careful observer cannot find 
])hysiciil explanations of the various movements wdiich have been 
ilescribed. It is neces'^ar}', therefore, to ascribe this power of motion 
to some j»roperty inlierent in the protoplasm, and hence the move- 
ment*' are called (intomatic. We are unable to follow the chemical 
])rotH*^»es uj)on 'which the activities of the proiopla.^'m depend, and 
theivfore we call them inUd actions; but we must assume that these 
so-called vital pjj>perties deiMjnd on cerbiin dt'compositions in the 
( hemical constitutioiT of the pr(»toidaj>m. We know that some chemical 
( hanges do take place, as we can estimate the prcKlucb' which indi- 
cati* a kind of combustion ; but "we know little or nothing of the 
dt‘tail- of the Chemical proces*'. 

From the foregoing description of the manner iuw'hicli protoplasm 
r(‘spo n?l s to external stimuli, it inay^ gathered that it is capable of 
appreciating* iiui>rcssu^«» from w'itlujit ; indeed, we may say, ‘if can 
fell. We can only judge of the sensitiveness id any creatim* by the 
manner in wiiich it respoials to stfmuli, auil we may theivfi)re cim- 
i hide that tin* smallest particle lit living protoplasm is endowed witli 
iletinite seTisitiveiie» : thi> must be noli‘d iis one of the most striking 
properties of pridopla^m, ^ 

Every ]»artii‘h‘ of living pridoplosiu has the pi>wer of assimilation. 
Taking into its*slructure an nutrient matWrs it meets with, by 
flowing anmnd them in the way mentioned, it brings them into 
direct contact with different jKirts of the protoplasmic substance. 
This nutrition of the f<»rm-unit8 gives rise to grow^th, and finally 
leads to their reproduction, and these fatds wilLl)e inoi'e closely 
i‘xamiiied when >|)eaking of their relation to cell life. 

When a certain size has been att4uned, the cell does not increase 
any more, but tends to bring forth a cell unit similar to itselL This 
is spoken of us the rein'otlnctiov of cells. 

Different kinds of cell repixaluction have been dimrve^ which are 
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all, howerar, modifications of the same general plan. The fiiet is that 
by the formation of a hvd from the side of the parent cell ; this bud then 
increases in size, and finally separates the }>arent and becomes a 
separate individual. This process, which is called gemmation, can 



Fig. SC.-^Cells of the yeast-plant 
tn proocm of budding, be- 
tween which are aome bac- 
teria. 


Fig. 87.— rartilage fri*m young uniinHl hho\«iug 
the diviHicm of the tcUn />, r, tf . 

i 


readily 1 h.» seen in all its stagej^ in growing yeast, where the torula 
cells have various->i/.ed buds growing from them. If tlie Imdlike 
protm«ion be laige, nearly equal in size to tin* cell itsAf, the prucejw 
receives the name of fission, or di\w«>ii. lii well marked typical 
fission the parent cell diWdes iito two ]»art?} of equjd ^izl•, c^ach of 
which becomes a perfect individual. \'ari<^i*< giadatkms may Iw* 
trace d between the two pi^xv.ssi'f*, >^o that ii is dilhcult to draw any 

virv tlistinclwline l»e- 
tw»eii budding and 
U »-iou. TJie budding 
and hsnion may lie 
multiple ; many buds 
.iiid sf*venil uniU, j»ro- 
liucU of diviM(»n. may 
remain !(^gether, and 
Iona what is cal!o<l a 
<xilaiiy. When tljis multiple budding or division takes place, so that 
the new units are mcludeii within the body of the ]iatvnt cell, then 
the pfocese is called tmlogenom reyrodnrtum or sjKirc foniuiticm. 
As in the gnulations iM tuecu budding and fission, so it is dilficult 
to draw a iiaril and fast line between what may lx* calk'll multiple 
fission oskI gpore formotioin 




Fig. as. — of a funguif nhowing dif- 

fetmi iitagf» 1 —4) of cndogeDowt diviaum AfU-r 
Badw.; 
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In tracing the stages of development of the highly differentiated 
eells of some tissiieH, we have to pass through a series of changes 
which form a cycle that may well be called the life-time of the cell. 
The dunition of this cycle varies greatly in different individual cells. 


a 



Fig. 30 - DiviMion of cgg-wll. (Qegcnbauei ) 


Some celK very shoit-lived, being destrny<d in tlie act of 
secretion ; others }»ruhably endnre for the entiu* life «»f the animal. 
The lift-history of all cellh begins ^fith the sUge wiieu it is coin- 
])ose<l entirely of indiflenent protoplasm, in which vaiiuiis luoiliti- 
(atKois are Hubsetjuently produced. \*et Ss take an exaiu]de a 
<ell of th% outer skin or rut ir/c, a«tl examine its lile-history. The 
< uticle is made uj) of numerous layeis of cells laul one on the tdher, 
and the surface cells are constantly being riil)l>ed or worn otf. We 
lind that these ct'lls lui\e their orijgn from the cells of the deepest 
layer, which is next to the supply of nutriment This l,i\ w is made of 
soft protoplasmic hnits, witli ceVtain sjiccilic iuherittKl cliaraeWnstics 
no doubt, but to all a])pe4iiuuccs the Kime as tin* motile sentient 
growing protoplasm of an indifferent cell. By a process of fission or 
budding constantly going on in this deepest layer t>f these cells, new 
]»rotoplasmic units aiv producetl These bcconuMlistinct individuals, 
and occupy the position (»f the pai^ut cell, which liaving produeeil 
offspring, is moved one j>lace nearer the surface, away from the bupply 
of food. The new cell in time gives rise to ollspi ing, and having 
attained reproductive maturity, is in turn moved onwiurd towiunisthe 
hurface. The result of this is that its supjdy of nuiniion diminishes, 
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the evidences of reproductive activity disappear, and at a certain 
ixnnt all signs of protoplasmic life are lost But ou its way from the 
seat of its ongm to the surface, it makes use of its limited supply of 
nutritioxi for the pur^iose of manufacturing a special Idnd of 
material which, if present at all, only occurs in the minutest traces 
in ordinai^^ protoi)la 8 m. As the cell moves towanls the surface, 
it loses its protoplasmic characters, becomes tougher and drier, and 
finally nothing but the special homy material remains. Thus horn the 
birth of the cell, its energies are devoted, first to its own growth, th(‘n 
to the reproduction of its like, and finally to the formation of a material 
fitted to act as a meclimricol protection to the surface of the skin. 
Having manufactured a certiiin amomit of this material, the proto- 
plasm dwiiuUes, and finally quite disappears, so that the cell may he 
sai<l to die. Its horny insoluble and impeiineable skeleton, how- 
ever, has yet to do good service in the outer layer of the skin M*hile 
it is passing to reach the surface, tmd in its turn is rubbed off. 

It has already been stated that Hie niiiterial which forms all active 
cells, protoplasm, is capable of carrying on the ruany functions 
r‘e([uired for the independent existence of simple' ^reaturea It will 
be found in tbe subsequent pages that, not only can protoplasm 
peifomi all the activities necessary for the life-history of unicellular 
oigonisms, but that it can also work out all tbe functions of the most 
complex animals. Indeed, the cells which accomplish the most 
elaborate functions in man, are but protoplasm more or less inorlified 
for the special purpose to lx* attaine<l. 

The different fuiictions^ol ar^inclej>endeirt ijnicellularTjrganism win 
1 >e much more comjdetely watched than the changes which take place 
ill any of the cells of tlie higher aiiTmals, both on account of the gnater 
size of the former, and the more dbvious character of the change^ 
taking place in them. The student is therefore earnestly adviseil to 
spend a few moments in conteigirlating the o]>eratif>n 8 which go on 
in some simple oiganisms, whose life is not complicated by structund 
or functional elal>oration, before attempting to sJdve the difficult 
question of the mechanism of man’s life. 

The lowest fonus oi living creatures that ^\e art* acquainted with 
{micrococcus and ijacterivm)^ 01*6 placed among the fungi in the vege- 
table kingdom. account of their extremely minute size — being 
hardly vimble as sjiherical or elongated specks with a poweiful 
mieroseope— 'We cun nay but little alsmt their structure. Tliey 
apiiear to be translucent and homogeneous. 

Hince we use the term protoplasm to mean tin* material of which 
the active part of the simplest form- of living lieiiigs are composed, 
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wt* must assume that bacteria are small particles of that material, but 
the characters commonly attributed to protoplasm cannot be detected 
in the minute glistening mass which makes up their body. 

They are so certain to appear in a couple of days in organic in- 
fusions, or in any fluid prone to putrefaction, and they multiply with 
such astounding rajudity, that they have been supposed by some to 
<levelop spontaneously. But this is now known not to be a fact. 
Bacteria iW not appear without progenitors, any more than any other 
form of living thing. They float lifeless and dry in multitudes 
tlirougli our atmosphere, and adhere to all substances to which the 
air has free access. However, the moment they light upon a suitable 
soil, they burst into prodigious activity, at first forming masses or 
cf»lonies, which may be seen as a jelly-like scum on the fluid. Such 
a soil is supplied by any organic substance capable of Hj)ontaneous 
ilecomposition, for Avliicji process, as is well known, the great require- 
ments for life, moisture and wanath, to a certain degree are neces- 
sary. Vast varieties of these organisms are nowkiiowiu They differ 
slightly in shape, in tlit‘ir habitat, and in their properties. Some are 
obviously compo^^l of two <listinct layei*s, so?ne are provided with a 
fiiu* hair-like ])rocess, by tlie lash-like motions of which they move 
rai*idly in a defmito direction. 

They are known to be insopaiiible from imtrefactive changes in 
organic mah‘riuls, in fact without them no puti-efactu)!! can go on, 
siiK t* this j)rocess is but the protluct of their living activity. Intense 
heat kifis tlu*m, too great cold <u* dryness checks their activity and 
stojis ])utrcfjfbtion. ^’heii an organic, ^ubstauce is absolutely 
protected from their jnesenct* by exclusion of the air, &c., no pu- 
tnd’actioii •ccurs,even tlnaigh it be f>rone to spi»ntaneous decomposi- 
tion, and be placed umler favouralfle circumstances as to warmth ami 
moistim*. 

Bacteria would in»t d( serve so mu^h notice here were it not for 
the remarkable intlnenci* they have on the higher forms of life. 
We do not know tliat they are necessary for any of the more im- 
portant i>rocesses that norinully go on in the human binly, though 
the y are constantly present in the intestinal tract, and are insepa- 
rable iVoni at least one change ttiking place theiv that may be 
regarded as physiological. It is their relation to tjje diseaseil state 
that makes a knowledge* of these creatures imperative to medical men. 

8o long as the tissue of a higher animal is healtliy and wtdl 
nourished, bacteria cannot thrive in immediaW contact ndth it. 
Tliey can only exist in tlleinlt^^tine, Ac., Iwciutse there they And accu- 
innlations of lifeless fluids which offer thenyk suitable nidiif. Active 
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living tiflBiiies have antiseptic power, i.c. are able to destroy bactciia, 
and it is only owing to tliis bactericide power of our textures, 
tliat we can with immunity breathe into out lungs the atmospheric 
air, and swallow multitudes of these organisms But for it every 
wound would become putrid, everj' breath would admit deadly 
germs to our blood. But when the vitality of the pai*t or of the body 
generally is lowered, the vital activity of the tissue may fall below that 
of the bacteria, and tlieir victory is signalled by uiiwonteiLaud often 
£ital changea Morbid fluids allowed to accumulate in the textures 
fm^itate the growth of liacteria, and give rise to various gmdes of 
wound-infection.’’ But if all accumulations Ik* avoide<l, the bacteria 
biirnght into relation w ith the living tissue can only imtiite it, and 
cause general fever and local suffering to the patient. They cannot 
propagate in live tissue ns in lifeless flunls. As a rule, the injurious 
effect of bacteria is in inverse proportion to, the rital power of the 
textures w'hich they invade. Tliis is seen in many cases familiar to 
the physicimi and tlie surgeon. For instance, even the bronchial 
raucous membrane may be unable to resist the attacks (*f the atinc)- 
spheric oiganisms. A person who<e vital powders pn >bably ah etidy 

l<»w from repeated debauch, falling aslee]> in the oycn air after ex- 
cessive intemperance, and being exposed to tlie reducing (bill of 
night, may become so loivered in vititl activity, tl^at putrefactive 
changes may begin in his lung tis'^iic. In(lc«*d this is not an un- 
common hL«ton' in the beginning of gangrene of the lung. ^ 

We next come to foniis of fungu**, which set up a pKax'ss ver}’ 
like puti'efaction, such as Jhe y%a.«t ]»lant, T<fn4^i Cf nruin, wiiich causes 
alcoholic fermentatiem in sugar soluti<»n< In the torula an extental 
case containing pix>toplasm ma\^ readily 1^ seen, and imllti plication 
of the cells goes on rapidly by a iRoce*'** r»f budding. Torulw, how- 
ever, like Imcteria, though called vegetables, have not the power of 
assimilating as ordinary gre«*n p? tints do, but re«|uire nutiinumt to K* 
supplied to them which alu^ady conUins organic or complex «*oin- 
pounds. Structurally but little diflerent from torula is a onc-cclled 
plants the green protococcus, which, like a higlnu* plant, can build ii]) 
its texture from the simplest food-stuffs, and ctniy on iU fiim tions. 
It consists of a cas(* made of cellulose, within which lies a mass (>f 
prolophism witl^ nucleus. The ]iitdoplasm is commonly coloured 
green by a peculiar suljstoiice called chlorophyll. We shall 8(*e i>re- 
sently that ii is to prr>ioplaaiii containing chlorophyll, tliat phitits ow<* 
all thtdr most characteristic and wronderful jiroyM^rties ; vi/., the )>ro- 
|terty of assimilating so as to constniet complex carls »n comp<*u!tds 
out of simple tnoigamc nyiterials. 
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The smallent and MiiupleBt organisms classed as animals are generally 
larger than the vegetable cells just ollutled to. They consist of 
])rotoplasin without any nucleus, and only sometimes with a struc- 
tunil difference between any ptirt of their substance. As an example 
we may take Protamouha, This is a small mass of protoplasm 'with- 
out any nitcleus, but its outer layer is clearer and less granulai* than 
the central part. It can move by sending out protoxdasmic processes, 
in which (‘urreiits can be observed resembling those in the vegetfible 
cells. Except ns regards the nucleus, it is much the same as the 
'whicli can be more readily watched, and will therefore be 
more a<*curately described. 

The anneba is a single cell or mass of uncovered pi*ot< ►plasm, con- 
taining a w'ell defined }>ortiou of substance or nucleus, w'itbin which 
is a small sjmek or nucleolus. The central ]>ait of the i>rotoj>lasm is 



Fig 40.— Two different foinis of in ditfmtit pluuH** of m(t>omcnt I'hoMi on 

the left after Cudiat. A. aiid B. show on outer t lear zone Uegenbuiu 

• • • 

densely paiked with course granules, but Ibe outer more active ]mrt 
is stmeUu-eksH, and tnuisUicent-lookAig, somewhat like a fine boixler 
of muffed ghuss, enaising the coarsef)^' granular middle portion. Such 
a one-celled animal has no sjiecial |>aTts diffen*ntiated lor sjiecial pur- 
poses, the re(|uiivments of its function| being so smi.ll that the pi'oto- 
plasm itself can accomplish them all. 

Thus the pi^occasc's of protojdasm, 'which How out \\ ith (‘onsiderable 
rajddity from the body, commonly eiicinle jiarticle.s cd' nutrient 
material, and then closing in around them, press them into the 
midst of the granular central mass. Here they sojourn some little 
time, and during this }>eriod no doubt any nutijfive j)n>jierties 
they pobseAS are extracted fn»m them, and tlu‘y are then ejected 
from the phustic substance. This fonn of assimilation deimuids no 
previous preimiution of the food such as we shall see takes jilace in 
the alimentaiy tract of man, and in the special oigan.*' of the higher 
uniimds ; yet it is a form of digi*stion adequate at least the re- 
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quirements of this simple organism. The repeated alteration of the 
diffeTent parts of the pi*otoplasm in ablation to one another, and the 
sunotmding medium during the a»d thither of the 

currents, produces not only a change in theliim^ and x>osition of the 
animal, but also acts as a means of distributing the nutriment to 
the different parts of the hotly, and of collecting and carrying to the 
surface the various pi-oducts of tissue-decomposition ; thus tlie stream- 
ing protoplasm does the work of a circulating fluid such as we see 
in the more elaborate organisms for the distribution of nutriment 
aud elimination of waste materials. The surface of the amoeba is sufK- 
cient to allow of tht‘ gas-intei*change necessary for life, and by means 
of the ever-changing material exposed, suiheient oxygen is taken for 
its ti&sue combustions, and so a function of rcsjnration is established. 
The growth that remits from the perfect performance of these vege- 
tative functions proceeds until the maximum size is attained, and 
farther nutritive ai tivity is then devoted to reproduction. When 
growth ceases, commonly tlie cell divides and fonns two distinct indi- 
viduals. The movements which form the most striking operations of 
the amoeba are the same as those which take place in protojdasm, 
except that they are more rapid and obviou^j. The clear outer layer 
first flows out as a bud-like })rocevs, and, as it is gradually enlarging, 
some of the central granular part of the cell suddenly tumbles into 
its midst, where it remains, while other pseudrpiKlia are being throw'ii 
out in the neighbourhood, and the same changes repeated in them. 
It is difficult to watch the motions of an amoeba writliout being im- 
pressed with the idea that it js not only endowed ^vitli" Si*nsibility but 
that it also can discriminate between diffemit objects, for w^e see it 
greedily flowing around some fciljKi material, whibt it carsfully avoids 
other substance’^ with wdiicli it c<1fliies in contact. 

If a glass vessel, cimbiiniug several amcclxe, be plac<*<l ina wdnduw% 
they will be found to cluster fpi the side of the gloss jnost exposed to 
the light. From thi.H it w(»nld ap|>ear that, in some obs<*ure way, 
protoplasm can apprt'ciate light, and respoml to its intlueuce by 
moving tow*anls it. 

This single-celled aninml — or nucleated inas.s of proto]>lusm, can 
perform all the fuiicti^ms <if a liiglier animal. It can move from 
place to place (Und assimilate nutriment, apparently discriiiiiiiating 
between different materials. It distributes nutrient stuffs and oxygen 
throogbout its body by a kind of tis.sue circulation, and it c<in appre- 
ciate and respond to the most delicate form of stimulus, namely 
which subtle motion has no effect on the sensory nerve-fibres 
of the higher animals. , 
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In some unicellular animals certain parts of tlie cell are specially 
modified for the performance of special functions, a division of labour* 
thus taking place which insures the more perfect accoinplishineut of 
the different kinds of activity. In one of the com- 


monest of tlie Infusoria {Paramaecki harmria), 
which swarm in dirty water, this is well exem- 
plified. The outer layer of the flattened body 
is denser, #nd foi*ms a kind of fibiillated coiti- 
cular ca«e (ectosarc), which is covered over with 
hair-like processes (vibratile cilia), which con- 
stantly move in a certain direction, so as to ])rojH*l 
the creature rapidly through tlie water. The in- 
ternal part of the cell is very soft, almost fluid, 
and coarsely gmiiular in appearance, containing 
many bodies which have obviously been intro- 
duced from w*itliout. ^This soft internal }>vcto- 



plosin (endosai’c) moves slowly round in a definite 
direction, completing its circuit in one (u* two 
minutes, and thus ^carries on a cinmlation which 
mixes the various matters contained in it. At 
one point of tlie ectosarc, or cortical layer, an 
orifice or mouth leading to an oesophageal depres- 
sion is found. *Tlii.s orifice is lined by moving 
cilia, wliich by their vibrations drive the food 
into the oesophagus, wlience it is |)eriodicall\ 


Hg. 41. — Diagram 
of ParamoK-'ium 
sbo'wing digcutive 
cavit>% (a o) Body 
Hpaoe riled with 
Roft protoplaion, 
into which food is 
taken, [b) Mouth. 
(r)Aiiu». (rf) Con- 
tractile vesicle. 
^Aftcr Lach- 
uiaim.) 


jerked into the soft iuteyial protoplasi^i or eiulo- 

sarc, together witli some water, and thus htnns a food vaciude, which 


is earned sound in the circulation ^f the ectosau*. Besides a well- 


marked nucleus and nucleolus iit*tlie central jiart of the cell, these 
paranuecia have one or more clear siwices placed near ilie surface at the 
extremities of the animal. These vacy<de.s suddenly contract, and dis- 
appear every now and then. When this contraction occurs fine canals 
radiating from the contractile vacuole arc distended with the clear 


fluid which has proUibly entered the vacuole from without. Thus 


a permanent set of water vessels carry fluid from the contractile 
vacuole throughout the endosnre. 


III such an animal there is a distinct advance of function compared 
with the amoDba : a moro elalioraU* and speciuliserl metlKHl of feeding : 
a more systematic and regular circulation of nutrient matters ; a 
respiratory distribution <if water by the contractile vesicle and its 
water canals ; more rapid motion ; and more ob\ions sensation. 

In the bell animalcule, or vorticella, the same kind of division of 
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labour exists, but in one of its commonest conditions it is attacheil by 
a thin stalk to the stalk of some weed or other object. Besides the 
ciliary movement we here find that the general mass of the pro- 
toplasm can suddenly and forcibly contract, so as to completely alter 
its shape, and change the bell into a rounded mass. This spasm 
of the body is commonly associated with a wonderfully rapid con- 
tractiou of the stalk. This stalk consists of a delicate transparent 
sheath, in the centre of which is a thin thread of pale protoplasm. 
The rapid contraction of the protoplasm of the stalk and the spasm 
of the bell occur on the application of the least mechanical excitation, 
such as a touch to the cover-glass. Here in a single cell we have 
ceilain portions set apart for special purposes, most of which are the 
same as in paramcecio. But the animal being attached requires a 
special way of escaping from its enemies, and hence we find it endoweil 
with three special forms of motion. Besides the ciliary and stream- 
ing protoplasmic motion, its body can spasmodically change its shape, 
and the stalk contracts with a velocity’ comparable with that of the 
most specially modified contractile tissue (muscle) of the higher 
animals, hy means of which their rapid and varied movements are 
carried out. * 



CHAPTEK V. 


NUTRITIOX AND FOOD-STUFFS. 

The continuation of protoplaj^mic life depends on certain clieniical 
changes which are accompanied by a considerable loss of substance. 
This loss must be made good by the assimilation of material from 
without, and the manner by which it is obtained constitutes one great 
point of dift'erimce bet^veen Plants and Animals. In the majority of 
the former (certain fungi form the main exceptions) the cells in those 
portions of the i»lant which are exposed to the light and air, contain 
a peculiar green substance called chlorophyll, and through the agency 
of this substance theyiaTe able to obtain from the inoiganic kingdom 
nearly all the food they require. Water is taken up by the roots 
with such salts as may hiippen to be in solution, and is carried 
through the stepi to the leaves ; here the active chlorophyll-bearing 
cells, luider the influence of the sun's rays, cause it to unite with the 
carbon ulioxide jwesent in the air, fonn various substances, of 
which we may bike starch or cellulose as the simplest example. 
This reaction may be ly^uosented cheJnicaiy, thus : — 

• 6 ('0, + o H,0 = + 0,, 

Starch or ooUulonc. 

A large proportion of oxygen is thus "let fi'ee and discharged into the 
atmosphere. *» 

The most striking propeity of plant protoplasm is, then, the jiower 
of using the eiierg}^ of the sun's rays to separate the elements of the 
very stable compounds, carbon dioxide and water, ami from 
the elements thus obtained to make a series of more complex and 
unstable compounds, whi<*h readily unite with m^re oxygen, and 
change back to carboiiii* anhydride and water. 

The new carbon compounds made in and l>y the protoplasm of the 
green plants are some of the so-called ‘‘ organic compounds,'’ wliich 
enter into the composition of both plants and animals, an^ form an 
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essential part of the food of the latter. They may he divided into 
three groups — 

i. Carbohydrates — ^bodies so called from the presence of hydrogen 

and oxygen in the proportion to form water ; : — 

Starch, = C,(H,0), 

Grape sugar (dextrose) CgHijOg = Ca(HgO)<, 

Cane sugar (sucrose) CnH^gOj^ = C\2(H20)n ^ 

ii. Hydrocarbons — compounds of carbon and hydrogen \\ ill i a 

less proportion of oxygen tlian Division i., as oils and fats — 
Olein (princix^al constituent of olive oil), 
iii Albuminous bodies which contain nitrogen in addition to 
carbon, hydrogen, and oxygen. These are of very complex 
composition, and, as yet, Ctinnot be represented by chemical 
ibimulse. « 

Animals, on the other liand, cannot thrive on the simjde forms of 
food obtainable from the inoiganic kingdom, which sutlic e for the 
nutrition of a plant. They re.^uire the materials^ for their assimila- 
tion to be nearly allied in chemical compositioJi to their own tissues. 
In short, they require as food the veiy organic substance wljich the 
plants spend their lives in^making : vi/.. starches, fats, and albuminous 
bodies. These substances mubt, therefore, be su 2 >plied to animals 
ready made, as they are produced by jdants. Directly or indirectly, 
throiigh the medium of other miimaK, all the«e complex substances 
which form fuel so UMsful t^ our econoiij, are derived from the 
work done by vegetable fife. 

The chief acts of animal prolbplasm are really oxidatifus, a slow 
burning away of its substance, •which results in the ju eduction 
of inorganic materials like those used by jdants food. 

Plants, then, use simple foo^^-^tuffs, and from them manufacture 
complex combustible luateiials, and thus store up the eneigy of the 
sun’s rays in their textuies. 

Animals use complex fuod-stuffs to rt-new' their tissues, which tiny 
are constantly oxidising, and hy this means the energy for the 
performance of their various active functions is set free. 

Although the^arious kinds of food-stuffs used by animals aie so 
highly organisea in comparison with those used by plants, yet they 
cannot be admitted at once into the economy without having under- 
gone a special pr^nition, whicli tak<*8 place in the digestive tract 
ivheie the various ffjod-stnlfs are so clianged as to allow them to pass 
into the fluids of the Ixxly, 
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We shall first consider the chief varieties of food-stuffs, next their 
preparation for absoi^ption, and then the means by which they are 
distributed to the tissues. The last step in tracing the assimilation 
of the food is to follow the intimate processes which go on between 
the blood carrying the nutriment, and the different tissues. This 
most interesting but difficult question shall receive our attention in 
a subsequent section. 


Food. — There are two portals, namely, the lungs and the alimentary 
canal, by which new materials normally enter the animal body. 

Within the lungs the blood comes into close relation with the air, 
and takes up oxygen from it. The oxygen is then carried to the 
various tissues, where it aids the combustion accompanjdng the life 
and functions of these tissues. Although oxygen is the most abun- 
dant element in the body^ taking part m almost every chemical change, 
and its continuous supply is more immediately necessary for life 
than that of any other substance, yet it is not counted as food, 
because tissue oxidation is artificially distinguished from tissue 
nutiiti<»n. • • 

The details of the union of oxygen witli the blood will be found 
in the Chapter (XIX.) on Respiration. 

It is then onlfr to the liquid and solid portions of the material in- 
come of an animal — that, in short, which it must busy itself to obtain 
— that the term “ food ” is applied. • Tliese are introduced into the 
alimentary canal, where tlje truly nutrient materials are separated 
and ])repared for ab8or})l!lon into the blbod, while the portions which 
are not useful for nutrition are carded away as excrement One is, 
therefore, quite prepared to liear tl\jit the ivally nutritious food-stuffs 
are composed of materials which are chemically like the tissues, 
although, as we shall see, we have no grounds for believing that the 
<liflferent chemical groups of nutritivi^ stuffs are exclusively destined 
to replace corres])oiiding substances in the body. On tlie coutmry, 
we have good reason to think that within the body the conversion 
of one group into another is very common. 

In Chapter III. the tissues of the animal body were slio^m to 
consist of chemical compounds, which have been classified into certain 
groups. And it has also been stated tliat the tissue! are constantly 
undergoing chemical changes inseparable from their life, and that for 
these changes a supply of nutritive material is necessary. 

The nutriment required for an animal is, then, made up of sub- 
stances which may be divided into tlie wune chemical gro\jp8 as the 

• p 
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tisBues of the body : viz., proteids, fats, carbohydrates, salts, and 
vrater. So that each of the various substances which we make use 
of as food, contains in varying proportions several of the different 
kinds of nutrient material, either naturally or artificially mixed so 
as to form a complex mass, the important item water being the 
only one which is commonly used by itself. These substances may 
be considered to be the chemical bases of the food, as they are also the 
chemical bases of the animal body. ^ 

The following classification shows the relationships between the 
chief items of nutritious matters, fi*om a cliemical i)oint of view, and 
their distribution in the various foods we commonly eat. 

I. Organic. 

1. Nitrogenous — 

A. Albuminous — abundant in eggs, milk, meat, 

wheaten flour, &c. * 

B. Albuminoid — in soups, jellies, &c. 

2. Non-Nitrogenous — 

A. Carbohydrates (sugar, starch) — abundant in all 

kinds of vegetable food, aftd ih milk, and present 
in small quantity in meat, fish, &c, 

B. Fats — in milk, butter, cheese, fat tissues of meat, 

many vegetables, oils, &c. • 

II. Inorganic. t • 

1. Salts — ^mixed with all kinds qf food. 

2. Water—mijfed wfth the foregoing or alone. 

< 

The nutritive value of any kin^ of food depends upon^ variety of 
circumstances, which may thus summed up : — 

I. Chemical rompasition^ of '\^hich the main points are — 

(1.) The proportion of soluble and digestible matters (tnie 
food'Stuffs) to those which are insoluble and indigestible 
(such as cellulose), Ac. 

(2.) The number of different kinds of nutrient stuffs prescuit 
in it. 

(3.) The relative proportion of each of these chemical groui>8. 

IL Mechanical Construction, — The relation of the nutrient to 
the iion*niitrient parts is of the greatest importance, as is seen where 
the nutiRtioiis starch of^ various vegetables is enclosed in insoluble 
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cases of cellulose, which, if not burst by boiling, prevent the digestive 
fluids from reaching the starch. 

III. JJigesUbility , — This depends partly upon how the substances 
affect the motions of the intestines, and partly upon their con- 
struction. Thus, some substances, such as cheese, though chemically 
showing evidence of great nutritive properties, by their impermeability 
resist the digestive juices, and are poor aliments. 

IV. Idfosyncrasy , — In different animals and in different indi- 
viduals, and even in the same individuals under different cii’cum- 
stances, food may have a different mitritive value. 

Chemically, then, foods are composed of a limited number of 
elements similar to those found in the animal tissues, viz., carbon, 
oxygen, nitrogen, and hydrogen, together with some salts. If nothing 
more were needed by the economy than a supply of these elements 
and salts in a propoilioa like that in which they exist in the tissues, 
such could be easily obtained from inorganic sources ; but, as ha» 
already been stated, it is necessary that an animal obtain these 
elements associated in the form of organic materials of complex con- 
struction (namely, ‘prc^eids, &c.) ready made. Allowing the necessity 
of organic food, it might be supposed that since the elements exist in 
proper proportion in the proteids, an abundant supply of proteids 
would suffice foj all nutritive purposes, and alone form an adequate 
diet. Theoreti^ly, proteid alone ought to be sufficient for nutrition. 
It, however, has been frecpiently testeciby experiment, and practically 
decided, that an animal will not thrive upon a free supply of pure 
proteid food alone ; am> Hi the human sulaject such exclusive diet 
would induce dangerous abnonnal conditions in a short time. Since* 
nitrogen is^n important element i^ nearly all parts of the body, we 
could hardly expect that a diet composed of non-nit rogenous food- 
stuffs alone could support the animal economy. In short, the results 
of niuuerous experiments show that no group of the food-stuff‘4 
already enumerated can alone sustain the body, but rather that a 
certain proportion of each is absolutely necessary for life. 


Special Forms of Food. 

• 

The articles of diet we make use of are anmal or vegetable r 
according to the source from which they are derived. It will be 
seen that a varying quantity of all chemical classes of food-stufis art* 
generally present in most kinds of food, whether animal or vegetable. 
The following diagram shows the propoilioa of the mom i&iportant 

F 2 
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food-stuffe in some examples of the materials commonly used as 
food ; — 


Proteide. Fats. Carbohydrates Water 






Heat .... 



Fish 


JB 
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Legraninoas fruits . 


2Si 2 


I 


15 



42. — Diagram diowiug the per-ceiStagre of the principal food-stufFs m a^few t> pical 
oomestiUes. The numbers mdicate the per-centages. Indigestible matenals are 
omitted. . • # 


Among animal foods are incln&ed milk, the flesh of varwus animals, 
and the eggs of birds. These m^ be moie fully described as typical 
examples. 

MUh — ^For a certain period of their lifetime the secietion ol the 
mammary gland forms the only food of all mammjils, and it is the one 
natural product which when taken alone affords ^equate nutiiment. 

It consists of a slightly alkaline watery fluid, containing : — 

1. Proteids, in solution. 

2. Fats, fine^ divided to form perfect emulsion. 

3. Sugar, in Elution. 

4. Salts, in solution. 

Owing to the action of certain organisms which readily propagate 
in milk if exposed to the air at a wann teini>eniture for some time, 
it loses *it8 alkaline reaction, and becomes sour from the forma* 
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tion of lactic acid from the milk sugar, by a kind of fermentation, 
the probable equation for which may be written thus : — 

C, 0. = 2 C,H, 03 . 

2tfilk Sugar, Lactic Acid. 

If fresh good milk be allowed to stand, the fatty particles tend to 
float to the surface, thus forming a layer of cream. 

The milk of different animals is similar in all essential points, but 
differs sligntly in the relative proportion of the ingredients, as may 
be seen in the following table : — 



' Human. 

Cow. 

Ooat 

Ass. 

Water 

Casein 

Albuiniu ... 

Butter 

Milk Sugar 
Salts 

8811-08 

! { 
.. ‘20-60 
... 48-6# 

... 1*38 

857*05 

48*28 

5-76 

43*05 

40*37 

5*48 

803*58 

83*60 

12*99 

43*57 

40*04 

6*2*2 

910*24 

j- 20*18 

12*50 
j 57*02 

Solids 

110*92 

1 142 95 

136*42 

89*76 


1 1000. 

, 1 _ ^ 

1 1000. 

1 

I 1000. 

1000. 



Milk varies both in the amount of solids in solution, and fat, 
acconling to the age and 
general conditibn of tlu* 
animal, jwriod of lactation, 
time of^ay, &c. 

Since human milk 
much ])Ooivr in j^roteid, 
fat, anti .^Its (see Talde), 
and richer in sugar, than 
that of the cow and other 
domestic animals, it is ne- 
cessaiy to dilute the latter 
with water, and add sugar, 
when it is substituted 
for human milk in feeil- 
ing infants. 

Tilt* great value of 
milk as nutriment depends 
upon the fact tliat it con- 
tains every class of fooil- 
Btuff, viz., proteids, fat, carbohydrates, salts, and water, in the pro- 
portion demanded by the economy ; the salts in milk bq^ng those 
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Fiff. 43. — Microwopic appoi^bcc of millc in th. 
early stage of lactation, showing colostrum 
cells («). 
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required for buOdiug up the bones of the infant, yiz., phosphates 
and carbonates of lime, &c. 

The normal variations in these proportions are not very great, but 
as artificial modifications of the per-eentage of water are common, a 
knowledge of the method of testing the purity of milk is necessary. 

MUk Tests . — The specific gravity of milk gives an easy measure 
of the solids in solution, but unfortunately it gives no estimate of the 
amount of fat suspended in the emulsion. Therefore, to^test milk 
adequately two me^ods must be employed : one to estimate the degree 
of density of solution, and the other the degi-ee of opacity of tlie 
omulsion. 

I. To test the density, a^pecially graduated form of hydrometer is 
generally used. This is graduated so as to indicate specific giavities 
from 1042 to 1014. The former being the maximum density of pure 
milk, the average being about 1030, and the latter being about the 
density of pure milk when mixed with an* equal bulk of water. 
Every reduction of 3 in the specific gravity may be said to coiTespond 
to about 10 per cent of water. 

II. The degree of opacity is estimated by the amount of water 
required to render a small quantity of milk sufficiently translucent to 
allow a candle-flame to be seen through a layer of the mixture one 
centimetre thick. One cubic centimetre of the milk (which has been 
shown by the microscope and the iodine test not to contain clialk or 
starch) is placed in a test-glass with flat pamllel sides, just one centi- 
metre apart, and water is cautiously added from a graduated ^pipette. 
The more water required the richer the ]guilk is in fat ; good ii^h 
milk requires about 70 times its bulk of water to become translucent. 

Another method employed for the same purpose con^sts in the 
comparison of the colour produced4>y a thin layer of milk in a black 
cell with a previously prepared standard of greyish colours. 

The quantity of fat may also be estimated by placing the milk in 
a tall graduated vessel for tw^ty-four hours, at the end of whidh 
time it should show at least 10 per cent, of cream. ' 

Butter is made from milk, or better from cream, by breaking by 
agitation the coating of proteid which before churning prevents the 
oil globules firom running together. It is almost completely composed 
of fat, the larger globules having run together to form the solid 
batter, which cdn be removed, leaving some small fat globules with 
the pioteids, milk sugar, lactic acid, and salts in the water forming 
batter milL’^ ♦ 

deteib of aecreejoii of milk, Ao., lee Uuamxf Qlaad. 
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Chem is another form of food made from milk by predpitating the 
proteid either by lactic fermentation, or the addition of rennet-^an 
extract of calves’ stomach which, without the presence of any acid, 
curdles milk — and draining off the solution of milk sugar, and salts 
(“ whey ”). It contains most of the proteid, and a great deal of the 
fat of the milk. During the ripening of the cheese more fat is 
formed, apparently from the proteid, while leucin and tyrosin also 
appear. , 

Me(U, — We use the flesh of the vegetable-feeding mammals and 
bii'ds that are most easily obtainable, and many kinds of flsL The 
invertebrate animals, mostly shell-flsh, need hardly be mentioned 
in a physiological dietary, and are not spoken of as meat. 

As it comes from the butcher, meat consists of many of the animal 
tissues, the chief ones being flesh (muscle tissue), fiat, and some 
sinews (fibrous tissue). The fleshy or lean x>art of meat is chiefly 
made up of nitrogenous materials, and contains : (1) Several pro- 
teids, chiefly the globulin, myosin ; (2) gelatine yielding substances ; 
(3) carbohydrates, glycogen, and sugar ; (4) small quantities of fat ; 
(5) several inorganic salts ; (6) extractives. 

Meat may l>e eateu^w, but as it is impossible to impart to it the 
vaiious flavours which our artificial tastes demand without some 
spechil preparation, it is generally cooked before use. Moreover, the 
not infrequent dccurrence in muscle of parasites which would prove 
injurious if swallowed alive, makes the exposure of meat to a tem- 
perature high enough to ensure their destruction advisable. 

Apart from pleasing t]{e» taste, it is of great importance so to pre- 
])are meat as to preserve in it all the nutrient ])art8, many of which 
are solubU^iu water, and therefore lire apt to be removed if that sol- 
vent be injudiciously used. Thus^the process of roasting, in which 
all its nutrient parts are retained, ought to be more satisfactory than 
boiling, by which the salts, extractives, carbohydrates, gelatin, and 
some albumin may be dissolved by the water. However, if the meat 
he plunged into water which is ali'eady boiling, the proteids near the 
surface are ra})idly coagulated, and the water cannot reach the central 
parts in sufficient quantity to remove even the soluble ingredients. 
The whole of the albuminous parts may he thus coagulated os tlie tem- 
pemture of the inner parts lises to boiling |>oint In treating meat 
to obtain “ stock ” (‘‘ bouillon ”) for the foundation of soui>8, the 
0 )q> 08 ite ]>rocedure is adopted. Cold water is used, and the tempera- 
ture slowly and gradually raised, hut not quite to boiling point, in 
order that as much as possible of the soluble materials may be ex- 
racted, and a tasteless friable muscle tispe remainSi (^tbouilU 



72 


MANUAL OF PHYSIOLOGY. 


As the fluid is generally allowed to boil in order to clear it, mach of 
the proteid material which was dissolved in the earlier stage, is coagu- 
lated and removed with the scum. Although “ stock cannot con- 
tain any great proportion of the most imjwrtant constituents of meat, 
it is much value as a nutriment in medical practice, possibly on 
account of some stimulating action of its ingredients upon the motions 
of the intestines and heart. A strongly albuminous extract of meat 
“ beef-tea,” may be made by digesting flesh in a small <iuantity of 
water, and keeping the temi)erature below that at which albumin 
coagulates, and adding vinegar and salt to facilitate the fonnation of 
syntonin and the solution of myosin. The salt can be then removed 
by dialysis. 

Eggs. Eggs consist of two parts, one the white, composed of 
albumin, and the other, the yolk, chiefly made up of fat. 

The white is a concentrate watery solutiop of albumin, held toge- 
ther by delicate structureless membranous meshworks. Besides the 
albumin it contains traces of fat, sugar, extractives, and salts. 

The yellow fat emulsion of the yolk contains a peculiar proteid, 
vitellin, some grape sugar, and some inoiganic salts, in which com- 
binations of phosphoric acid and potassium are conspicuous. Baw 
e^lgs are difficult of digestion, as is all uncooked albumin. Haid 
boiled eggs, if not finely divided by mastication, are also very diffi- 
cult to digest, for the gastric juice cannot penetrate fee hard masses 
of coagulated albumin which are so easily and commonly swallowed. 
Eggs, when bghtly cooked, are easily digested, as the albumin is 
alrea<ly coagulated, and cani^t be introdiuj^d into the stomach in 
large masses, i^gs are of very great nutritive value, as they con- 
tain so large a per-centage of pro^id, fats, and salts. • 

Vegetable Food . — Vegetables dif^r from animal food : — 

(1.) In containing a much greater proportion of material which for 
man is indigestible (cellulose), jnd a less j>roportion of real nutritive 
material 

(2.) The ^r-centage of proteid is below that of^ animal food, and 
the proportion of carbohydrates is generally much greater, while 
the amount of fat is small but varies considerably. In order therefore 
to get the required amount of nutritive material from a purely 
v^table diet, ^ is necessary to consume a much greater quantity 
and the amount of excrement indicating the indigestible matters is 
proportionately increased. 

Cereali . — The most valuable forms of vegetable food are those ob- 
tained from the seeds of certain kindred plants (Graminaeece) 
Wheat, rye, make, oats,^rice, &c., which when ground are used 



VEGETABLES. 


73 


either as whole meal,” or, the integument (“ bran ”) being removed, 
as flour. They contain different kinds of proteid. (1.) A native 
albumin soluble in water and coagulable by heat, and in many re- 
spects like animal albumin ; but as it cannot be obtained pure it is 
imperfectly known. (2.) Vegetable fibrin, an elastic body, which 
coagulates spontaneously and is difficult to separate. (3.) Vegetable 
glue or gliadin, which gives the peculiar adhesiveness to the yltUen, 
as the prQteid mixture obtainable from com is commonly called. 
Cereals also contain traces of fat, and a very large proportion of 
starch and some salts. 

The following table gives the per-centages of the chief different 
nutritive stuffs in some commdn cereals : — 


‘ 1 Wheat 1 

Barley. 

Oats. 1 

Maize, i 

Kice, 

, Water ^ 

13 

14*48 

10*88 

12 

9*20 ‘ 

Proteid ' 

13*5.1 

12*26 

0*04 

7*91 

5*06 ‘ 

Fats : 

1 58 

2*6:1 

4* 

4*83 

*75 

(Jnrbijhydrates.. 

69*61 

67*96 

T:V49 

73*19 

84*47 ^ 

Salts 

2* 

2*65 

2*59 

1*28 

-.5 


Green Vegetahles , — These contain some starch, sugar, dextrin, salts, 
and minute (quantities of proteid, and are of small nutritive value. 



Fig. 44.— Section of Tea, showing sfaireh and aleurono granules imbedded 
in the protoplasm of the cells. (After Suchs.^j 

a.>-Aleurone granules. af.— Starch granules. i.— Intercellular spaces. 

Potatoes contain very little proteid, but a considerable quantity 
of starch, upon which their nutritive value almost entirely depends. 
The following table gives the relative proportions of the various 
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As the fluid is generally allowed to boil in order to clear it, much of 
the proteid material which was dissolved in the earlier stage, is coagu- 
lated and removed with the scum. Although ‘‘ stock ” cannot con- 
tain any great proportion of the most important constituents of meat, 
it is of much value as a nutriment in medical practice, possibly on 
account of some stimulating action of its ingredients upon the motions 
of the intestines and heart. A strongly albuminous extract of meat 
‘‘ beef-tea,” may be made by digesting flesh in a small quantity of 
water, and keeping the temperature below that at which albumin 
coagulates, and adding xinegBr and salt to facilitate the fonnation of 
syntoiiin and the solution of myosin. The salt can be then removed 
by dialysis. 

Eggs. Eggs consist of two parts, one the white, comj)osed of 
albumin, and the other, the yolk, chiefly made up of fat. 

The white is a concentrate watery solutiop of albumin, held toge- 
ther by delicate structureless membranous meshworks. Besides the 
albumin it contains traces of fat, sugar, extractives, and salts. 

The yellow fat emulsion of the yolk contains a iwculiar proteid, 
’vitellin, some grape sugar, and some inorganic salts, in which com- 
binations of phosphoric acid and potassium ar(‘ conspicuous. Raw 
eggs are difficult of digestion, as is all uncooked albumin. Hard 
boiled eggs, if not finely divided by mastication, are also very diffi- 
cult to digest, for the gastric juice cannot ]>enetrate flie hard masses 
of coagulated albumin which are so easily and commonly swallowed. 
Eggs, when lightly cooked, are easily digested, as the albumin is 
already coagulated, and canii^t be introdcK^d into the stomach in 
large masses, i^gs are of veiy great nutritive value, as they con- 
tain so large a per-centage of profcid, fats, and salts. • 

Vegetable Food . — Vegetables differ from animal food : — 

(1.) In containing a much greater proj>ortion of material which for 
man is indigestible (cellulose), jnd a less proportion of real nutritive 
materiaL 

(2.) The per-centage of proteid is below that of^ animal food, and 
the proportion of carbohydrates is generally much greater, while 
the amount of fat is small but varies considerably. In order therefore 
to get the required amount of nutritive material from a purely 
v^table diet, ^ is necessary to consume a much greater quantity 
and the amount of excrement indicating the indigestible matters is 
proportionately increased. 

Gereali. — ^The most valuable forms of vegetable food are those ob- 
tained from the seeds of certain kindred plants (Gramvnanece) 
Wheat, rye, make, oats, ^ rice, &c., which when ground are used 
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either as “ whole meal,” or, the integument (“ bran ”) being removed, 
as flour. They contain different kinds of proteid, (1.) A native 
albumin soluble in water and coagulable by heat, and in many re- 
spects like animal albumin ; but as it cannot be obtained pure it is 
imperfectly knowiL (2.) Vegetable fibrin, an elastic body, which 
coagulates spontaneously and is difficult to separate. (3.) Vegetable 
glue or gliadin, which gives the peculiar adhesiveness to the (jluten^ 
as the proteid mixture obtainable from com is commonly called. 
Cereals also contain traces of fat, and a very large proportion of 
starch and some salts. 

The following table gives the per-centages of the chief different 
nutritive stuffs in some comindn cereals : — 


t Wheat. I Barley. | Outs. , Maize. Rice. 


, Water 


14*48 

10-8S 1 

12 1 

9*2{) ' 

Proteid I 

13 5.3 

12 “26 

9*U4 

7*91 ! 

5*06 , 

Fats 1 

1 5S 

2*63 

4* 

4*83 , 


(^nrlndiydrates.. I 

69(51 

67*96 

73-49 

73*19 1 

1 84*47 r 

Salts 1 

2* 

2*66 

2*59 

1*28 1 

i 


Green VegefahU », — These contain some starch, sugar, dextrin, salts, 
and minute quantities of proteid, and are of small nutritive value. 



Kg. 44.— Section of Pea, showing starch and alcuronc granules imbedded 
in the protoplasm of the cells. (After Sachs. ^ 

a.— Aleurono granules. —Starch granules. i Interoolluhir spaces. 

Potatoes contain very little proteid, but a considerable quantity 
of starch, upon which their nutritive value almost entirely tlepends. 
The following table gives the relative proportions of the various 
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As iht flnld is generally allowed to boil in order to clear it, much of 
the prciteid material which was disscdved in the earlier stage, is coagu- 
lated and removed with tlie scum. Although stock ” cannot con- 
tain aiqr great inopordon of the most important constituents of meat, 
it is of much i^ne as a nutriment in medical practice, possibly on 
icooiHit dT some stimulating action of its Ingredients upon the motions 
ct tte intestines and heart. A stron^y albuminous extract of meat 
^beef4eay* may he made by digesting flesh in a small a^mntity of 
leiltr, keeping the temperature below that at which albumin 
coagulates^ and addii^ vinegar and salt to facilitate the formation of 
syntonin and the solution of myosin. The salt can be then removed 
by dialysis. 

^99^ Sggs consist of two parts, one the white, composed of 
albumin, and the oriier, the yolk, chiefly made up of fat. 

The white is a concentrate watery solutiop of albumin, held toge- 
ther by delicate structureless membranous mesbworks. Asides the 
albumin it contains traces of fat, sugar, extractives, and salts. 

The yellow fet emulsion of the yolk contains a peculiar proteid, 
viteUin, some grape sugar, and some inorganic salts, in which com- 
binations of phosphoric acid and potassium art* conspicuous. Raw 
€ggs are difficult of digestion, as is all uncooked albumin. Hard 
boiled eggs, if not finely divided by mastication, are also very diffi- 
cult to digest, for the gastric juice cannot i)enetxate fiie hard masses 
of coagulated albumin which are so easily and commonly swallowed. 
Eggs, when lightly cooked, ai^ easily digested, as the albumin is 
alreaily coagulated, and cani^t be introduced into the stomach in 
large masses. Eggs are of very great nutritive value, as they con- 
tain so large a per-centage of profliid, fats, and salts. • 

Vegetable Food , — Vegetables difibr from animal food : — 

(1.) In containing a much greater pro 2 )ortion of material which lor 
man is indigestible (cellulose), |nd a less proi)ortion of mil nutritive 
material 

(2.) The per-centage of proteid is below that of^ animal food, and 
the proportion of carbohydrates is generally much greater, while 
the amount of fat is small but varies considerably. In order therefore 
to get the required amount of nutritive material from a purely 
vegetable diet, is necessary to consiune a much greater quantity 
and the amount of excrement indicating the indigestible matters is 
proportionately increased. 

Oefead$,^Th.e most valuable forms of vegetable lood are those ob- 
tained from the seeds of certain kindred plants (Graminaeem) 
Wheat, ryOf maixe, oats, ^ rice, &c., which when ground are used 
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either as whole meal,” or, the mtegumont (“ bran **) being removed, 
as dour. They contain different kinds of proteid. (1.) A native 
albumin soluble in water and coagulable by heat, and in many re* 
spects like animal albumin ; but as it cannot be obtained pure it is 
imperfectly known. (2.) Vegetable fibrin, an elastic body, which 
coagulates spontaneously and is difficult to separate^ (3.) Vegetable 
glue or glia<^, which gives the peeuliat adheniveness to the gluten^ 
as the prgteid mixture obtainable fsom com is commonly called. 
Cereals aim contain traces of &t, and a very large proportion of 
starch and some salts. 

The following table gives the per-centages of the chief different 
nutritive stuffs in some commdn cereals 


i Wlieat. I Barley. | Oata. | Maize. > Rice. 


Water ^ 

13 

14-48 

10*88 

12 

IggMl 

Proteid 

13-58 

12-26 

9*04 

7*91 

6*06 * 

Fata 

1*58 

2*63 

4* 

4*83 


CarlK)hydratea... 

69*81 

67*96 

T8'49 

7.8*19 

84*47 

Salta i 

2* 

2*65 

2*50 

1*28 

*5 


Green Vegetables . — ^These contain some starch, sugar, dextrin, salts, 
and minute quantities of proteid, and are of small nutritive value. 



Fig. 44. — Soctum of ahowintf ataruh and lilcurono prranulea imbedded 

in the protoplasm of the cells. (After Stioha.), 

o.-^Aleurono granules. st. —Starch gramilea. i.— Intercellular spaces . 

Potatoes contain veiy little pn>teid, but a considerable quantity 
of starch, upon wliich their nutritive value almost entirely dejiends. 
The following table gives the relative proi)ortions of the various 
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nutridvB fti/aimalB contained in some of the common T^etable 
foods: — 



Peas. 

Beans. 

Potatoes. 

Cauliflower. 

Water 

14*60 

12*85 

72*74 

79*18 

Proteid 

22*35 

22* 

1*82 

*50 

Carbohydrates... 

60*61 

56*65 

23*77 

w 

Extractive 

1*18 

3*82 

*97 


Fata 

1*96 

1*59 

•15 


Salts 

2*87 

2*53 

1*06 

■u 


The most striking points are the very large proportion of proteid 
in the leguminous fruits, and the comparative richness of all vege- 
tables in starchy food-stufis, 

JFcUer is the great medium by the solvent j>ower of which food 
is made capable of ingestion. Spring water cdways has a certain 
quantity of lime and other salts in solution, and in proportion to the 
amount of salts is said to be more or less hard. Water is tasteless, 
inodorous, and colourless when pure. Soft water, such as rain water, 
is pure, hut not so agreeable to taste as spring water, and is very 
liable to contamination in its passage over roc^fs previous to collec- 
tion. Standing water sliould l>e avoided for drinking, owing to tlie 
probability of its containing organic matter. 

Salts . — ^Great varieties of salts are taken into the system, of which 
chloride of sodium f(»rms the hugest proportion. These* have no 
doubt very important function^ to jierform, in entering into combina- 
tion with the various tissues, and also i^robably in aiding the chemi- 
cal changes of parts of which do not fbvn a normal constituent* 
They help to render certain substances soluble, and stimulate the cells 
of certain glands to more active secretion, e,g., the kidney excretes 
more urea when there is an abundant supply of common salt in 
the food* 



CHAPTER VI. 

THE MECHANISM OF DIGESTION. 

The acts of digestion may be divided into mechanical and chemical 
processes. Under the mechanical processes come the arrangements 
for the subdivision, onward movement, and general mixture of the 
food. The chief objects of the chemical changes may be said to be the 
change from the insoluble to the soluble form of certain kinds of 
food-stuffs (starch, proteids) and the finer subdivision of others, 
such as fats, which do not dissolve in the intestinal or body 
iuices. 

Attention has already been called to the fact that there are different 
kinds of contracting textures, and that they are capable of different 
kinds of motion, some slow and steady, some rhythmical, some sharp, 
hliort and sudden. It must also be remembered that the more 
energetic and sudden the motions ai’e, the more marked becomes the 
differentiation of the tissue. Thus* the active, quick-contracting 
skeletal muscles and the riiythmically acting heart, are made up of 
tissue which is very distinct in structure and in mode of action 
frcm that ri the contracting cells composed of ordinary protoplasm, 
while in the slowly moving intemltl organs we meet tissue elements 
which in different animals show many stages of gradation between 
simple, indifferentiatcd protoplasm and the special striated muscle 
tissue. 

It is necessary tliat in the first stages of alimentation the motions 
should be quick and energetic ; so the mouth, pharynx, and upper 
part of the oesophagus are supplied with striated muscle tissue, which 
differs in function and structure from that of the rest of the 
alimentary canal. In the stomach and intestines , the slower and 
more gradual kinds of motion are required, and here we find a good 
example of non-striated muscle tissue. 

Around the extremity of the rectum is a bind of smooth muscle, 
which remains in a condition of peimstent or tmm contiuction. 

For further detiiils concerning the muscl^e tissue the student must 
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tnin to the Chapter (p. 366) on that subject. Here, however, it 
may not be out of place to describe briefly the S 2 )ecial character of 



Jig. 49.— Diagxain q| Alimentary Tract. Anglca of mouth slit to show the hack of the 
haooal cavity and the top of the pharynx, (ci Cardiac; {p) Pyloric parts of 
gfeomadli ; {d) Duodenum ; (t) Jejunum and mum ; {ac) Aaorading, (tc) trans- 
vene, and (de) deaoending colon ; (r) Bectum ; (i?) Anus. 

the mosdlea found in the wall of the digestive tube and their general 
arrangement ^ 
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Mastication, — In man, the introduction of food into the mouth 
is generally accomplished by artihcial means, so that the biting teeth 
(incisors) and the tearing teeth (canines) are comparatively little used 
for obtaining a suitable morsel of food (Fig. 46). In the mouth the 



Fig 46 —Tiunsverse sec- 
tion of the Canine 


Tooth of a man. 
(«) Enamel, (^) I)en- 
tmc ; (< ) Pulp cavity ; 
(rf) Cmsta petiosa. 
(Cadiat ) • 



Fig 47 — Stractuxal elements of the Ihiamel of Tooth. 
A Pnams cut across showmg the hescagonal section. 
B. Isolated pnsms. (KOUiker ) 


all-imj)grtant act of chewing or iu|btication is accomplished by 
means of the motions of the lower jaw, the tongue, and the cheeks. 
This piooess of breaking dp the solid j^rts of the food ought to be 
continued until all haid substances are ground into a soft pulp. 

Strnctum oj the Teeth, — The expo^d part of the teeth is covered 
by a dense substance of flinty ifai'dness called enamel^ which is 
developed from the epithelium, and consists of hexagonal prisms 
set on end, which are really modified e])ithelinl cells but only 
contain about 2 yer cent, of animal matter (Fig. 47). The hulk 
of the tooth is made up of dentine, a 8u1>stance like bone in composi- 
tion, pierced by numerous fine canals — dentine tubes — which 
I'adiate towards the surface, from the jmlp cavity, in the centre of 
the tooth. Processes of protoplasm run in the dentine tubes from 
the tooth ccdls, which line the pulp cavity and |»i'eside over the 
nutrition of the tooth. The cavity contains vessels, nen'es, &c., 
which enter at the root of the tooth which is enclosed in a kind 
of modified bone tissue called cmsta petrosa* 

The two rows of grinding teeth, molars and premolars, (one on each 
ide) of the lower jaw are made to mb aguiyst the coivespoiMing teeth 
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in tlL 6 upper fixed jaw by the corabiued vertical and horizontal move- 
ments induced by the action of the powerful muscles of mastication 

the temporal muscles, together 



Tig. 48 —Section throngli & portion of liio fan? 
of a tootib. (a) Dentine tubulee near the 
aozfaoe of the fiuig; (6) Gzanubr layer; 
(e) Cmata petroea. 


with the masseters and inter- 
nal pterygoids, all tending by 
their contraction to elevate 
the lower jaw and biing the 
teeth forcibly togesther. This 
action is opposed by the digas- 
tric, the genio- and mylohyoid 
muscles, which by their com- 
bined force depress the jaw 
and separate the teeth. 
The horizontal movements 
ai*e in the main accom- 
])lished by the external pteiy- 
goid muscles, which, acting 
together, pull the lower jaw 
forward so as to make the 
lower teeth protrude be- 
yond the upper. In tliis 
action they are opi)08ed by 
the digastric dnd hyoid mus- 
cles. One external pterygoid 
on either side acting alone, 
aduapces that side of the 
lower jaw only, and thereby 
causes the lower fcetb to in- 


cline towards the opposite side^in a lateral direction. The two 
muscles acting alternately cause a horizontal motion fi’om side to 
side. Thus, while the lower^teeth are i)rehae(l firmly against the 
upper ones they are at the same time made U> glide ovei them, either 
fittmi side to side or backwards and foi’wards. By these movements 


the bruised food is soon pushed from between the teeth, and pisses 
towards either the tongue or cheek. The morsel is soon replaceil 
between the teeth by the action of the tongue on the one ham I and 


the baccinator i^uscle in the cheek on the other. 

While the process of mastication is going on, the food becomes 
thoroughly moistened with the fiuid secreted within the moutln 
DeglntiUm , — The next step is swallowing. When the food is suffi- 
ciently triturated and moistene<l it is collected together by means of 
the tongue, and placed u^n the upper surface of that organ, which 
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becomes concave and presses or rolls the soft pulp against the hard 
palate so as to shape it into an oblong massor bolus (Fig. 51). The apex 



49.—Section through a portion of dentine next the pulp cavity of a gvwKSng’ tooth, 
(a) An isolated odontollast; (//) Growing part; (r) Odontoblasts, (^f) Fila- 
meoits of protoplasm projecting from the tubules of hard dentine. (Be^e.) 

of the tongue is now rifised and pressed against the hard palate, and by 
the successive elevations of the different parts of the <loi*sum of the 



Fig, 60.-~The Pterygoid Musfles seen from without after remo^tl of the supeificia 
parts, the temporal muscle, the sygomatio arch, and a portion of the lower jaw 
and masseter. (1) External, (2) Intoma! pterygoid maacle. 


tongue the bolus is gradually pushed backwards towards the isthmus of 
the fauces. The root of the tongue with the ]|iyoid bone is at^he same 
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tune dzaim upwards and forwards^ so tliat the bolus easily slips down 
along the retreating slope leading from the mouth cavity, and gets 



within the reach of 
the constrictors of 
the fauces. Imme- 
diately before the 
morsel of food is 
grasped ^ by the 
muscles of the fauces 
the levator palati 
draws the soft palate 
upwards and back- 
wards to completely 
close the posterior 
openings of the nasal 
caadty, as is shown 
by the fact that 
duiing the act of 
swallowing the pres- 
sure in the nasal 
cavity is raised. At 
the same moment 
the intrinsic muscles 
of the larynx, which 
surround iiie rima 
glottidis like a 
(‘onstiictor, firmly 
close that ojHining 


Fig. 51 Musdes of Tongue and ehaiynx. by appinximating 


1 , 2, 3, Musdee from atjrloid prooeM (5) to tiie tongue, the cords and aryte- 
hymd bone (d) andpbaiTnx rwpectively ; 4. 6, 6, 7, 8, uoid cartilages. Tlie 
mnsdes of tongue ; 9, 10, 11, ooiuihrictors of pharynx ; a* i • 4 . 

12, cosophagua; 13, ia placed on larynx (^). (Allen entire larynx 18 at 
Thomaon.) same time drawn 


up behind the hyoid 

bone by the thyro-hyoid muscle. The rima glottidis is thus tucked in 
under the cusMon of the epiglottis, while the leaf of the epiglottis 
is pulled down over the larynx by tlie ciblique aiy tcno-epiglottidean 
and thjxo-epigftttidean muscles. 

While the closure of the nasal and pulmonary air jiassages is going 
on, the bolus has passed out of the cavity of the mouth and has been 
caught by the palatoglossal and palato-phan ngeal muscles which force 
it into the phaiynx^ and at the same time close the isthmus faucium 
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behind the descending morsel. The stylo-pharyngeis and the pharyn- 
geal constrictors now grasp the bolus spasmodically, and the latter 
contract in rapid succession, moving the bolus onwards, and drawing 
themselves over it, pass it on to the oesophagus, where, by a progressing 
ring-like contraction oF the circubir muscles and a simultaneous 


shortening of the longi- 
tudinal layer of fibres 
the mass is slowly 
squeezed dowm to the 
cardiac orifice of the 
stomach. The move- 
ments of the oeso- 
phagus are essentially 
peristaltic in character, 
the peculiarities of 
which fomi of motion 
will be discussed when 
speaking of the intes- 
tinal movements. 

The entire process of 
swallowing is a contin- 
uous series of co-oi*- 
dinated muscular act'^, 
quite independent <)f 
gravitatif^n, as may be 
seen in animals drink- 
ing with their heads 
downwards^ Although 
all the complex sets of 
movements follow eacli 
other perfectly evenly 
and witliout any check 
or pause^ the act of^de- 
glutition is commonly 
divided into three so- 



Fig- '»2. —Deep Muse i»f ( 'heck, l*har}n\:, Arc. 

(1) Orbicularis Sris; (2) buccinator; (li) superior; 
(4) middle, and (5) inferior constrictors of the 
phannuc ; (fi) cesophafnis ; (7) styloid muscles cut 
across ; 1 8 , 9, 10 ) muscle att^ed to the hyoid bone 
(</) and th^Toid cartilage (Allen Thomson ) 


called stages, between which, how'ever, it is by no means easy to 
draw a hard and fast line. 

The first stage is simply the initiatory step of pkeing the morsel 
of food or some liquid in such a position as to excite the second or 
spasmodic act of deglutition. This first step is a voluntary act, and 
it is the only part of the movements of swallowing over which we 
have any voluntary control. The piogress of the morsel d)etwecii 
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the tongae and palate towards the fauces may be as slow and gradual 
as we wish, but the moment a certain point is reached volition is at 
an end, and we are unable to check the completion of the act 
By the second stage is meant the period occupied by the passage of 
the food bolus through the pharynx and past the top of the larynx* 

Although we are not able to 



Pig. OJ . — tseclum of (EsoplmgUK 
(Honley.) 


influence it in any way by 
our will, we are conscious 
of the food passing in this 
i^ion. It is a rapid in- 
voluntary spasm in which 
a great number of muscles 
take part, all of which 81*0 
made up of striated muscle 
tissue. 

*The third stage includes 
all the rest of the time 
dining wliich tlie bolus is 
]>aHbiDg from the* grasp of 
the^ower phaiyngeal con- 
strictor and along the ceso- 
pLagus. Not only has our 
will no influence over this 
stage of deglutition, but 
u e arc liaidly coiftcious of 
^its taking j>lace, since no 
sensations accompany the 
greater part oj it. Thus 
the more essential move- 
ments of the act of swal- 


fl. Cater fibrous oovermg, lowing are purely i*eflex 

5. Boxidifisofiongitodmalmusde^t^ and involuntary, tlioutrh 

c. Tmusrerse muscular coat cut obhqueh' ^ n i- • . 

d. Sub-mucous coat with glands m section. " ^ can ^11 forth t Iilh senes 


e. Muscuisns mucosie. ol reflexions by voluntary 

/. Mucous membnuie with cut vessels. ^ • 

g. Stratified epitheliuni. stimulation of a certain 

part of the fauces by 
means of a morsel of food or a di\>p of lif^uid. And without such a 
stimulus as footf or liquid we cannot by our will excite swallowing. 
We think we can peiform the muscular movements of swallow- 


ing when we please, without any food or fluid, but in this we are 


ni s taken, as careful observation of our own peiionnance of the act 
will sho^ 
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The pharyngeal spasm is always preceded by the deposition in the 
region of the isthmus faucium of some drop of saliva collected from 
the mouth or fauces themselves. In fact, without a slight preliminary 
movement of the posterior pai*t of the tongue — ^which mij^t be called 
the last act of mastication — the more essential stages of deglutition 
cannot be excited. 

Nervous Mechanism. — The voluntary influences which regulate 
the motions of the muscles of mastication pass along the efferent 
branches of the fifth nerves (trigemini) which accompany its 
inferior division. The muscles which depress the jaw to open 
the teeth and the intrinsic muscles of the tongue are supplied by 
the ninth pair of nerves (except the posterior belly of the digastric, 
which has a branch from the facial, and the mylohyoid and anterior 
belly of the digastric, wjiich are supplied from the third division of 
the fifth). The co-ordination of the movements of mastication and 
feuction seem to reside in the medulla oblongata, but are obviously 
under the control of the wfill. 

The afferent impiyses which excite the neive centres in the 
medulla, and give rise to reflex acts which cause the swallowing 
movements, pass fr(»m the inucouh membrane of the fauces along (1) 
the descending palatine branches of the spheno-paLitine ganglion and 
the second division of the trigeminus, also along (2) the pharjmgeal 
branches of the superior laryngeal biui^chof the vagus to the medulla, 
where the co-ordination of j)hai*yngeal spasm and cesophageal peri- 
stalsis is accomplished, iThence the effii-ent impulses pass along (1) 
the hypoglossal to the hyoid and glossal muscles, (2) the glosso- 
]>haryngealpand vagus to the pharyngeal plexus to supply the con- 
fetiictoi's, and (3) along the facial iiid fifth to supply the fauces and 
palate, as indicated by their anatomical diistribution. 

The act of deglutition Ciin be readily excited in an animal which is 
deprived of all th^ nerve centres dow n to the medulla oblongata, 
and may also be seen in those human mou‘'tro‘*ities umeiicephalous 
foetus) which are bom without the upper pait of the biuin being 
developed, but can both suck and swallow. 

The movements of the (esophagus are reflections from tlie central 
nervous system (medulla), both sets of impulses (jjossiiDly the afl'ei'ent 
and certainly the efleivnt) passing along the hnuichos of the vagus. 

It would appear that the normal i>eristaltic movements of the (eso- 
phagus are always initiated by a pbaiyngeal spasm, and that they 
form an inseparable 8e(j.uel to it. Thus the wave of contraction 
passes along the entire length of the (esophagus, even when tiie Ik>1us 
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is stopped mechanically, and on the other hand a body introduced 
into the oesophagus without passing through the pharynx excites no 
peristaltic wave and remains motionless. 

But it has been ohsen’ed, in apparent contradiction to the fore- 
going statement, that the oesophagus wlien removed from the hody^ 
and therefore quite independent of the pharynx and its nervoue 
connections, can be excited to move pcrishiltically. In this case the 
medulla or vagus can have no part in bringing about this wave of 
movement. To explain this discrepancy it may be urged that the 
local nerve and muscle mechanism in the tissues of the ocsojdiagiH 
are capable by themselves of carrying out peristaltic contraction inde- 
pendently of the central nerve organs, but that this i>ower is, under 
ordinary circumstances, held in <Aeck by the vagus. Tlie inliibition 
is temporarilv .suspended as a sequence of plniryngeal spasm, and 

eonseqivntly a wave of peristaltic 
contraction is excited in the oeso- 
phageal muscles, either in re- 
sponse to the direct stimulus of a 
passing bjlus, or os a result of 
impulses reflected along the vagus 
channels from the medulla 

Motion of the Stomach. 
— The stomach and gn^ter jxirt 
of the intestinal tract move 
freely "Within the abdomen, being 
covered l)y the smooth serous 
lining of that wiflty, whicli 
also keeps in position, so as to 
restrict their movements, Ihos^t. 
parts, sucli us the duodenum, 
into which ^lie ducts of large 
glands open. When the stomach 
is Jbxpty it hangs with the great ciinature domiwards, and the 
muscular coats are quiescent. On being filled it is passively 
rotated on its long axis, so that the greater curv'ature is turned 
forwards, here^meeting with less resistaii(*e, and the lessc^r curva- 
ture is turned backwards to its line of attachment. In the main, 
the motions of the stomach are peristaltic. They become very active 
about fifteen minutes after the introduction of food, and gradually 
become |Qore and more energetic until the end of stomach digestion, 
which lasts about five houie. 



Figr. 54.->-l>iagmm of Wall of thebtomacli, 
ahowing the relatiTe thickness of the 
nraooos xnembmne (a, h, c), aad^the 
tnmsTerse («•), oblique (/), and Ion- 
aitodinal miwcle fibres, j 
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The result of the peristaltic motion is to move the food, particu- 
larly the part next the gastric wall, along the great curvature towards 
tlie pyloms. A back current towards the cardiac extremity has 
been noticed running along the lesser curvature, and the median axis 
of the food mass. At the same time a peculiar rotatory motion of 
tlie gastric wall takes place, similar to that of rolling a ball between 
the palms of the hands, so that the food is twisted in a given direc- 
tion, and tlie deeper lying portion is brought into contact with the 
mucous membrane. 

While tlie fundus keeps up considerable pressure on the contents 
of the stomach, the indistinct peristaltic action of the central parts is 
intensified on nearing the pylorus into a strong circular contraction, 
which proceeds as a definite wave towards the pyloric valve, through 
which it gradually forces the more or less digested food. At first 
only the fluid parts are allowed to pass, but towards the later stages 
of digestion the fatigued pyloric muscle admits solid masses into the 
duodenum. 

Neeve Influence on Stomach Motions. — The stomach has 
nerve connections witti the cerebro-spinal axis through the vagi, imd 
the splanchnic branches of the sympathetic, and in the walls of the 
organ itself are numerous ganglion cells. The sympathetic connec- 
tions do not seem to have any influence on the muscular coats, for 
neither'their stimulation nor section has any marked eflect on their 
movements. If the vtigi be severed, stomach contractions still occur, 
but no form of local stir^julation produces the normal ga<«tric motions, 
e\ en if the organ be quite full of food, therefore it would appear that 
the local u^rve centres are not sutficiSit to excite the normal rhythmical 
muscular action. Moreover, stimfllation of the cut vagi leading to 
the stomach causes active movements when the stomach is full. It U 
not merely the presence of food that^produces the movements, as is 
shown by the fact that the motions increase as the contents of tlie 
stomach dimiTiish,%ut conditions incidental to digestion (liypeitemia, 
&c.) j)robably also act as a stimulus. 

Vomiting is the ejection of the contents of the stomach by means 
of a convulsive action of the respinitory and abdominal muscles 
associated with an abnormal contraction of the stomccch wall, which 
aids in ojiening the caidioc orifice while it keeps the }>ylorus firmly 
closed. 

The act of vomiting is commonly preceded by (1) a feeling of sick- 
ness or nausea, (2) a great secretion of saliv^ (3) retching. iThe latter 
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canaists in. a violent inspiratoiy^ort in the midst of which the root 
of the tongue and laiynx taised and the rima glottidis suddenly 
closed 80 as to prevent air entering the wind-pipe. The inspimtory 
muscles BtUl acting, and the pharynx and upper part of the oesophagus 
being held open, air is drawn into tlie gullet and dilates this tube 
nearly as far as the opening into the stomach. A contraction of the 
muscle fibies radiating from the oesophagus over the stomach, then 
opens the cardiac orifice and allow*s some gas to esctipe. Now the act 
of vomiting is completed if at this moment — the mouth and phaiynx 
being open, the lar}aix closed, tlie oesophagus on the stretch, the 
cardiac orifice relaxed, and the pylorus firmly closed — the expiratory 
muscles forcibly coutiuct, and, pressing upon the abdominal cavity, 
give a sudden sti*oke to its contents so as to empty the stomach. The 
wall of the stomach also contiucts evenly throughout, but not witJi 
any forcilAe anti-peristaltic action such as would greatly aid in the 
operation of rapidly ejecting the vomit. llie chief object attained 
in the adult by the action of the muscular coat of the stomach seeiiH 
to be the relaxation of the cai'diac orifice. In childi'en, when 
the fundus is little developed, and the fibres radiating over 
the stomach fi*oiu the oesophagus are nftmerous and sti*ong, 
the act of vomiting requires less efibi t on the pai*t of the respira- 
tory muscles, the frequent puking of suckling infants being accom- 
plished by the gastric muscle alone. When the vomit is emitted, 
the hyoidean, laryngeal, and neck muscles relax, and the air 
is forcibly driven out of the partially distendetl lungs sS us to 
clear away any remaining particles from^lje upper part of the air 
passages. 

Vomitiiig is usually caused by irritation of thq stomach 
itself, and may be induced liy either mechanical, electrical, 
or chemical stimulation of the mucous membrane. In this way 
some emetics, such as mustaid, sulphate of co])per, Ac., act. It 
may also be caused by intestinal irritation, as when a hernia 
la strangulated, or the mucous membrane uritabil by intestinal 
worms. 

Gentle stimulation of the fauces and neighlsmrhood of the root of 
the tongue commonly induces vomiting, lii the early stages of 
pregnancy the jinusual condition of tlie uterus causes frtMpieat 
vomiting, which is known as ** morning sickness.” The irritation of 
a esleulns passing through the ureter, or a gall-stone impacted in the 
bile duct, commonly excite vcmiiting. Injuries of the brain, and 
psychical impressions, particularly those excited by the sense of 
smell or unasual disturbance of ectuilibrium, may give rise to vomit- 



INTESTINAL MOVEMENTS. 


87 


ing. Moreover, a number of medicluiients, as apomorphin, emetin, 
cause vomiting if introduced into tbe blood. 

From the foregoing facts it appears that vomiting is a complex and 
irregular muscular act, which may be induced by the stimulation 
of various parts of the internal surfaces of the ])ody, particularly 
those which receive branches from the vagus nerve. 

One would therefore be inclined to suppose that some afferent nerve 
channels exist in the vagus which l>ear impulses to a vomiting nerve 
centre and excite it, so as to cause it to send forth peculiar and irre- 
gular impulses to the respiratory, gastric, and other muscles, and 
give rise to their characteristic spasm. 

In short, it would seem to be a reflex act, the afferent impulses of which 
pass to the medulla oblongata by the vagus, and the efferent impulses 
are conveyed by the ordinary spinal nerves to the respiratory muscles, 
by the vagus to the pharyngeal, laryngeal and gastric muscles, and by 
the fifth, seventh, and ninth nerves to the palatine, facial, and hyoidean 
muscles. This vomiting nerve centre must lie in the medulla, in 
very close relationship to the respiratory centre, with which it nearly 
corresponds. This centre may bring about the whole sequence of 
events known as vomiting when stimulated either directly by 
poisons, contained in the blood, indirectly through the vagus, or even 
from the higher centres by emotions or ideas. Section of the vagi 
renders vomiting impossible, as it cuts off both the commonest source 
of stimidus going to the centre, and also the important efferent im- 
pulses wnich cause the muscle coat of the stomach to contnict and 
to open the canliac oritit^.* ^ 

Movembijitb op the Iktestines?— The muscular coats are some- 
what differently arranged in the small and the large intestines, hut 
have the same general relation to each other, viz., a thin longitudinal 
layer lying externally, next the serous membrane, and a layer of cir- 
cular fibres considerably thicker lying internally under the mucous 
membrane. In Che large intestine the extenial longitudinal 
fibres are collected into three bands placed at equal distances 
one from another, which, being rather shorter than the remainder 
of the intestine, throw the iutermetlifite part into a series of 
pouches. 

It is in the small intestine that peristaltic motion of the most 
typical kind occurs. A wave of contraction passes from the pylorus 
along the circular fibres, so as to look like a broad ring of constric- 
tion progressing slowly downwards. 

The longitudinal fibres at tiie same time^ contract so as to shorten 
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the piece of intestine immediately below the ring of constriction, 
and also cause a certain amount of rolling movement of those loops 
of intestiiie which are free enough to move. 

This motion takes place periodically in proportion to the amount 
and character of the contents of the intestine, the food passing over 



55.— Dia^fiam of a longitiidixia] sec- 
tion of the waU of the small intestine. 

II. ym. 

h. Lieberk<ihn*8 Glands, 
e. Muscolaris tnuoossc, below which 
lies Anerbach*8 nerve plexus. 

d. Connective tissue in which many 

blood and lymph-vessels lie. 

e. Circalar musdc fibres cut across 

with Mdssnor’s nerve plextll be- 
low it. 

/. Longitudinal muscle fibres. ** 
g. Serous coat. a 


the mucous membrane being to 
all appearance the stimulus wluch 
normally calls forth and intensi- 
fies the action. 

The activity of tlie peiistaltic 
movements varies with many cir- 
cumstauces besides the contents 
of the intestines. Of these the 
most noticeable is the amount 
and character of the blootl flow- 
ing thnnigh the vessels of the 
intestinal wall Thus stop|mge 
of the blocxl current by tying the 
arteries or deficiency of oxygen 
and excess of carlx)nic aci<l causes 
inordinate activity of the i>eri- 
staltic action. Direct irritation 
of the serous surface of the in- 
testine, with mechanicaj^ chemi- 
cal, or electrical stimuli causes 
al<^o iiicgf;ase in the movements of 
the intestine. 

The great activity of the 
motion obsen’ed when the abdo- 


minal cavity of a recently killed 
animal is opened depends partly on the exposure to cool air, and 
partly on the venous character of the blood in tlje vessels no longer 
oxidised by respiration. 


The irregular and impetuous action <»f the intestine which follows 


the constriction or stiangulation of a hernial protrusion, chiefly 
depends on the mechanical effect, but also is prolmbly intimately 
related to the tpterf^^i^nce aith the blood 8U})ply consequent on the 
preBBore exerted by the constricting band. Prolonged f»ver-work 
often induces immobility of the intestinal wall, and hence we And the 
purging and vomiting, which accom]>any a temporary heinial con- 
striction, followed by inability of the intestine to propel its c^mtents. 
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These points have also been proved by results of experiments on the 
lower animals. 

The movement of the lai^e intestines are the same as the small, 
but not so obvious, owing to the modified sacculated shape of this 
part of the alimentary canal. The contractions of the colon begin at 
the ileo-ceecal valve where the peristaltic wave of the ileum ceases. 
The normal intestinal motions thus ptiss in an almost uninterrupted 
wave from the pylorus to the end of the gut, but when special sources 
of irritation exist, a wave may originate in almost any intermediate part 
of the intestine. A I'eversed “ anti-peristaltic motion,” as it is called, 
only occurs as a result of some intense local stimulation, such as the 
strangulation of a heniia, &c. 

The motion produced by the substances contained in the intestine 
depends on their character. The solid parts excite moi‘e rapid move- 
ments, and the more fluid portions but slightly influence the intes- 
tinal perisbilsis. 

Thus the solids which make their way through the pylorus arc 
seldom to be found in the jejunum, no matter at what period after a 
meal the animal be Jcilled, whereas the folds of the mucous mem- 
brane are always bathed in a fluid creamy material during the entire 
period of digestion, and even for a considerable time after all tlie food 
has left the stomach. 

MECifANiSM OF Defecation, — T his is a point of much import- 
ance, for the evacuation of the lower bowel is intimately connected 
with feelings of conifoiC find health, a^d the insuring of its accom- 
plishment, in illness, foims an essential part of the physician’s duty. 

The m(A*ements of the intestine cause the various excretions and 
indigestible parts of the food to pis? towurds the sigmoid flexure of the 
colon, whei’e their onward motion is checked for a time by the strong 
circular muscle of the rectum (calfed the superior sphincter, or 
tertius by Hyrtl), ^vhich does not carry on the peristaltic wave. The 
materials here get packed into a more or less solid mass, which is 
gradually augmented after each meal. 

The lower outlet of the alimentary canal is closeil by two distinct 
sphincter muscles. One thin external superficial muscle, made 
up of striated fibres, belongs to the peiineal grouj>, 4 ind has little in- 
fluence on the closure of the anus. The deep or internal sjihincter, 
which is much stronger, surnninds the gut for rather more than an 
inch (3 centimetres, Henle) in height, and is one quarter inch thick. 
It is made of smooth muscle, and therefore, c^ijiable of prolonged 
(tonic) contraction. It would appear, however, that tJtis strong 
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sphincter is a supernumerary guard to the anal orifice, which is hut 
rarely called into action, for during the interval of rest between the 
acts of defsscation, the fseces do not come in contact with the portion 
of intestine surrounded by this muscle. The lectum for quite 
one inch above tlie sphincter is perfectly empty, being kept free 
from fasculent particles partly by a ibid of the intestinal wall, and 
partly by the repeated action of the volunUuy muscles in the 
neighbourhood, which by intensifying the angle that exists at this 
point, and ilatteniiig this inch of rectum, can squeeze back the 
approaching matters. Anyone familiar with the digital examination 
of the nnevacuated rectum, knows that no fecces are met with for 
about two inches. 

Considerable accumulation may hike place in the sigmoid ilexiire 
without much discomfort ensuing, but when the rectum is distended, 
an urgent sensation of wanting to empty it^s experienced, and the 
voluntary movements mentioned above, are performed by the levator 
ani and the neighbouring i^erineal muscles, with the object of pre- 
venting any substance reaching the part of the rectum immediately 
above the sphincter. ^ 

If the rectum be distended with fluid, the occasional anal elevation 
does not suffice to keep it back, and a continuous and combined 
action of the sphincters and levator ani, &c., is necessary to ward oil 
the expulsion of the contents. 

When the lower bowel is habitually emptied at the sai^e houi' 
daily—a habit which should be cai-efully exercised — the sensations of 
requirement to go to stool o^cur with greub punctuality, or can be 
readily induced by the will, so that normal defcecation is reputed 
to be, and practically is, a voluntary act. But not completely so, for 
somewhat like swallowing, the liter stages of defcecation, consist 
essentially of a series of involuntary reflex events which we can 
initiate by the will, but when» it is once started, are powerless to 
modify until the reflex secjuence is completed. « 

Under ordinary circumstances, the evacuation of the faeces is com« 
menced by the voluntary pressure exercised on the abdominal contents 
. by the respiratory muscles* The diaphiagm is depressed, the outlet 
of the air passages firmly closeil, and the expiratory muscles thrown 
into action, whi|^ at the same moment the muscles which close the 
pelvic ontlet relax, and allow the anus to descend, so that the inferior 
angle of the rectum is straightened, and a voluntary inhibition of the 
sphincter is brought about. This voluntary expiratory effort seldom 
requires to be continued for more than three or four seconds befoits 
some (wedi matter reachqi the part of the rectum just above the 
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sphincter. When this has occurred, no further abdominal pressure 
is'necessaiy (except when^the masses of feeces are large and hard), for 
the local stimulus starts a series of reflex acts which cany on the 
operation. These consist of an increased peristaltic contraction of the 
colon and sigmoid flexure, the waves of which pass along the rectum. 
These waves are accompanied by synchronous rhythmical relaxation 
of the sphincter, which replaces its normal condition of tonic con- 
traction. 

The effect of the voluntary effort, and the amount of the aMominal 
pressure required, depend upon the consistence of the fseces. When 
quite fluid, they constantly tend to come in contact with the sensitive 
point of the rectum, and a voluntary effort is recjuired to prevent the 
reflex series of events lioin taking place, u momentary relaxation of 
the sphincter with voluntary abdominal pressure is sufficient to eject 
the contents of the bowel. On the other hand, when the fmces are 
firm, time is required in order that the slowly acting smooth 
muscle may pass the mass onward. In common constipation, the 
difficulty is to get the solid mass down to the sensitive exciting point, 
in wdiich case a few drachms of warm fluid, used as an enema, may 
awaken the necessary I’efl ex movements. 



Fig. f>() — AuerbacVg iilexus fioin 
between the muoclc coat« of the 
intestine with low power 





Fig '>7 —A nodal point of Auerliach'^s plexus 
under high power, showing the nerve 
cells. 


Nervous Mechanism of the Intestinal MotioS.— Many points 
in the nervous control exerted over the intestinal muscles are obscure. 
We know that intestinal movements which are peristaltic in their 
nature occur in a portion of intestine removed from the body, and thus 
separated from all central nervous control. We know also ^hat there 
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are abimdaiit nerve elements in the walls of the intestines wliich have 
aU the characters of ganglion cells, and therefore probably act as 
nerve centres. (Figs. 66, 67.) 

With regard to these local nervous agencies, anatomists have made 
out two dikinct sets, both of which have the fonn of a network of 
nerve Hbrils studded with cell elements at their nodal points. One 
of these, a closely meshed plexus with flattened cords and ganglionic 
masses at their points of union, bes between the longitudinal and 
circular layers of muscle (Figs. 66, 67) fonning the ^lexua mycn- 
feriem exterior of Auerbach, and most likely has to do with the move- 
ments of these layem of muscle. The other lies internal to the 
circular muscle, in close I'elation to the muscularis mucosss, and is 
called the plexm wyentericus interior of Meissner; the meshes of 
which are looser and more iiTcgular, and the cords an<l ganglia more 
rounded and finer than those of Auerbach’s plexus. (Figs. 58, 59.) 

The blood flowing through these nenv centres in all probability 
acts as a sufficient stimulus under ordinary circum^^tances, to prrMluce 
some peristaltic motions, and hence we may say that they are automatic. 
When food comes into the intestine it increases the flow of blo<Ml, as 
well as mechanically irritating the intestinaf wall. The intestinal 
vessels remain engoiged so long as the ]in>cess of digestion goes on. 




Ftp. 5S.-->lfeiiniei'tp!esaUy Pig — Meimmcar’ii pkxtii (hjph poncr), 

P^*^*^* Hhowing cdlit pruuped at aodal pomta. 

Fftod seems to ict more effectually than insoluble mechanical stimuli, 
for when insoluble substances are placed in the gut, they at first call 
forth active movements ; but these do not last long, foi llie stimulus 
is not of itself adequate to excite prolonged action, exc(*pt it be asso- 
'ciated with eontanuing congestion dqieiident ujton other causes, such 
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as the vaso-motor clianj^cs accompanying the general digestive 
process, and the absorption of the prepared food-stutt's. 

With regard to the influence of other nerves, it seems to be admitted 
on all sides that the vagus acts as an exciting nerve, since stimulation 
of its peripheral part causes increased action, and it is probable that 
its great etTerent channel for impulses is reflected through the brain. 

On the other hand, the splanchnic nerves, which come from the 
thoracic sympathetic, arc said to be inhibitors of the myenteric 
plexuses. This may be explained by their effect on the small vessels 
— ^which they no doubt control — causing a change in the blood 
supply. Be this as it may, the splanchnic seem to have considerable 
influence on the intestinal movements. When stimulated they 
commonly check the intestinal motions, but may sometimes (as when 
the movements have ceased after death), give rise to new movements. 

On account (jf this ^louble action, it has been said that there 
are two kinds (if fibres, (1) inhibiting, which are easily excited, and 
during life have greater influence, and (2), exciting, which, though less 
excitable, retain th(dr irritability longer. 

However, most of tljese effects may be explained by referring them 
to vaso-motor changes. 

With regard to defa cation, we know tliat a nerve centre exists in 
the lumbar portion of tbe spinal cord, which govenis the sphincter, 
and seems to keep up its tonic contraction. This centre may be 
either ejcited to increased action or inhibited, by peripheral stimuli 
or by central influences from the brain. 

Thus the local applica|ion of warmth giuses inhibition of the centre, 
and thereby relaxation of the sphincter, while cold gives rise to in- 
creased central action, causing contfaction of the sphincter muscle ; 
(a point to be remembered when ^aminiiig or operating within its 
grasp). Besides the voluntary variations which we can bring about 
in the activity of this lumbar centre, ^iiany other central influences, 
such as emotions, ,may operaU* upon it. Thus terror inhibits the 
centre, and loosens the sphincter independently of our will. 



CHAPTEE VII. 

MOUTH DIGESTION. 

The cavity of the mouth is lined by a bright red mucous mem- 
brane, which is continuous with the skin at the lips. It varies 
in structure in different parts of the buccal cavity, and in its general 
construction more resembles the outer covering of the body than the 
mucous membrane lining the alimentary tract. It consists of (1) a 
superficial part composed of thick stratified #ipithelium, in the upper 
cells of which are flat, scaly, and tough, and are placed horizontally, 
while in the deeper ones the cells are soft, rounded or elongated, 
having their long axis perpendicular to the surface, and (2) a deeper 
part composed of fibro-elastic tissue, wliich, qyer the alveoli of the 
teeth, is amalgamated with the periosteum and forms the dense 
tough gums. 

The mucous membrane of the mouth, is covered with papillm, 
which on the dorsum of the tongue attain great magnitude and 

vaiiety of shape and e^uthelial 
covering. In man, three kinds 
are dfernibed : — (1.) Narrow 
l)ointed, fiUfomu (2.) Blunt 
and clubbed at the 
form. (3.) Broad complex papilla*, 
surrounded by a fossa, circum^ 
T'dlate, of which there are but a 
limited number (alx>ut a dozen). 

The special secreting organs 
or glands, which pour their juices 
into the mouth, have all the same 
general tyi)c of structure, though 
they vary muck in the detail as to the variety and character of 
their cells. They are known as the adnom or sacculated glands, from 
their being made up of numerous acini f or minute elongated sacs 
or tubules, arranged at the end of a repeatedly branching duct, like 
grapes on the terminals of the successive little branches growing 
flum the central stalk to/orm a bunch. In the glands the saccules 



Fig. so.— Diagram taken from a smaU 
fxnrtioin of sacculated gland from 
€!ociaroa<di, diowing branching duct 
and saccules. 
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are packed together clo^ly around the ducts, and by mutual pressure 
are made to assume various shapes. The wall of the saccule is 
formed of a very delicate clear transparent membrane, on the out- 
side of which are numerous flattened branching stellate cells, the 
branches of which anastomose one with another, and appear also to 
penetrate the membrane in order to reach the inside of the acinu 
The cavity of the little sacs is almost completely filled with large 
polygonal gland-cells, so that only a very naiTow space exists in the 
centre. (Fig. 61.) From this space, there is free communication to the 
main duct of the gland by means of the proper cluctlet of each saccule. 



a. One of the alveoli, several being grouped round the ductlet ((T). 
h. Bafiement pembrano in section. 
d. Larger duct viith columnar epithelium. 

8. Half-moon group of celltf. 


Ill the saccules of some glands, the so-called mucous salivaiy' glands, 
another kind of cell element is seen between the gland cells just 
described and the wall of the sac, their outer side follc^wing accurately 
the concave boundary of the saccule, their inner side nu pinging upon 
the gland cells. They thus aa^uire a more or less half-uioou shape. 
These demilune cells will be again refeired to (page 106). 

Between the saccules are numexxius blood vessels which branch and 
form a network of capillaries on the outside of each Kule sac. 
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Numeioiis nerves are also found, which, according to some observers, 
have ganglionic cell-connections in the gland substance, and send 
terminals into the gland-cells direct. 

Although this account of the nerve terminations in the secreting 
ceUs of other glands has met with doubt, it is certain that in the lower 
animals nerve tenninals have been traced into gland-cells, and upon 
physiological grounds, as will presently appear, we are forced to 
believe that a similar connection must exist in mammalia. 

The ducts are lined with ordinary cylindrical epithelium which 
does not appear to have any secreting function. All the glands are 
made up of numerous packets of lobules bound together in one mass. 



V • f 


Fig. dwHection of the side oiitbe face, showing the Saluaiy Glands. 

a, Soblingnal gland. « 

b, Bobmaxillaxy glands with their ducts opening on the floor of the mouth beneath the 

tongue at id). 

c, Parotid gland and its duct, which o^iens on the inner side of the cheek. 

Each of these lobules is itself a jjerfect Kland, so that even the smaller 
month-glands are separable into lobules, and hence are called com- 
pound acinous glands. 

The mouth-glands are divided into two sets, which pro<luce 
different kinds cof secretion Mitcom ylanik, which secrete 

mueu^ and (2.) Salivary glands, which pnalucc watery ailiva. The 
functional distinction is seldom nlwolute, for most salivaty glands 
have a mixed secretion, and various gnnlations of tlm transition from 
purely saUvaiy to purely mucous glands can be made out 
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The proper miwoiu glands are small^ varying in size from a pin’s 
head to a pea. They are found in groups under the mucous mem- 
brane in various parts of the mouth, and from their positions are 
called labial, buccal, &c. Their cells contain a clear mueiginous 
substance. 

The great Salivary glands are the three laige glands which are 
known as the parotid, submaxillary and sublinguaL On account 
of their great size they form striking anatomical objects, being 
large masses of irregularly arranged glandular packets, wliich might 
be spoken of as lobes to ^stinguish them from the smaller packets 
or lobules. Their ducts are of considerable size, and have strong walls 
made of dense fibrous tissue, containing many elastic fibres, and in 
one of them, the submaxillary, smooth muscle tissue has been 
demonstrated. 

The parotid duct (Steno’s) opens into the mouth al>out the middle 
of the cheek just opposite the second molar tooth. The submaxillaiy 
has also a single duct (Wharton’s) which opens beneath the tongue 
beside the frmuum. The sublingual gland has several ducts, some of 
which open into that of the submaxillary, and others unite to enter 
the mouth beside Whafton’s duct. 

In different animals and in different glands of the same animal a 
variable amount of mucus is secreted by these glands, wliich, how- 
ever, are all called salivary, though the parotid alone deserves the 
name. 


The Characters op Mixed Saliva. 

• 

The liquul in the mouth is a mixtiigre of the secretion of the salivary 
glands as well us of the small purely mucous glands. 

It is a slightly turbid tasteless fluid of a distinctly alkaline reaction, 
of 1004 — 1008 specific gravity, and so tenacious that it can l»e drawn 
into threads. The Amount secreted by an adult human being during 
24 hours varies greatly according to circumstances, and has been 
variously estimated by different authors, by whom the wide limits 
of 200 — 2000 grms. (7 — 70 oz.) have been assigned as the daily 
amount. 

The saliva contains about 5 per cent of solids.* Of these the 
greater part are organic ; namely, (1.) Mucin, from the submaxillaiy, 
sublingual, and small mucous glands, which can be precii^itated by 
acetic acid. To this sul)8tance the viscidity of the saliva is due. 
(2.) Traces of albumin precipitable by concentrated nitric acid 

• ir 
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and Ixnling. (3.) Traces of globnlm, precipitated by carbonic acid. 
(4.) a peculiar ferment 

The inorganic constituents are sidts, among which an inconstant 
amount of potassium sulpho-cyanate is found, a substance which does 
not exist in the blood. 

There are also many morphological elements, of these the majority 
are accidental, being the remains of food, &c. ; others are more or less 

characteristic ; namely, (1.) 
Salivary corpuscles which are 
rounded protoplasmic masses 
containing nuclei and coarse 
granules which show Brown- 
ian movements. (2.) Epithe- 
lial scales from the surface of 
the mucous membrane of the 
mo&th. (3.) Various forms of 
protophyta, which propagate 
readily amid the decaying 
particles of food in the mouth. 
But Bfe bacteria or other fungi 
exist in the ducts of the glands 
or saliva taken from the ducts 
with the necessary aseptic 
precautions. 

The ordinary mixed saliva may be easily collected hf chewing 
some insoluble material, such as a bit of rabber tubing, and collecting 
the fluid which the motion*causes to be j)o%red into the moutln 

The collection of the secretion of the different glands reqriires more 
delicate methods. It may b% collected separately by placing a 
canula in the duct of each gland. 

The parotid saliva obtained in this way is found to liave no struc- 
tural elements nor mucus, And is a thin fluid dropping easily, and 
not capable of being dravrn into threads. It cbntains some serum 
albumin and globulin, potassium sulpbcscyanate, and ptyalln. 
The portion first sc ci'eteil is commonly acid, and it never becomes 
strongly alkaline. Its specific gravity is 1003 — 1004. On standing it 
becomes tnrbid from the precipitation of carbonate of lime, w^hich 
existed as bicafbonate. 

The snbmaxillaiy secretion is more stiongly alkaline than that of 
the parotid it contains structural elements and mucin, hut is not so 
viscid as the geneml mouth-fluid. 

The spldingnal is much more viscid than either of the others, and 



Fig. 63.— The form elements from mixed 
saliva nv>m tip of tongue, shoving (^) 
huge irregular scaly epithelial cells, (r) 
round aaUvary corpuscles, sereral (ft) 
hactmia, and (m) micrococci. 
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is more strongly alkaline^ and contains much mucus and many salivary 
corpuscles. 

The Method op Secbetiox op Saliva. — Under ordinary cir- 
cumstances very little saliva is secreted, only sufficient being 
poured into the mouth to keep the surface moist. When, however, 
food is introduced into the mouth, and the process of mastication 
commences, the secretion goes on more or less rapidly, according to 
the stimulating or non-stimulating character of the food. 

The activity of a salivary ghmd is at once brought about by 
means of special nervous agencies when a stimulus is applied to 
the mouth. We know that the nervous mechanism with which 
we have here to do, is what is called a reflex act. The stimulus 
travelling from the surface of the moutli to the nerv^e centres is 
reflected thence to the glands. We spctik, then, of afferent nerves, 
which carry the impulses towards the centre, and efferent nerves, 
which cany them from the centre. 

If we review the ordinary circumstances giving rise to a flow of 
saliva, there will be difficulty in determining the neiN’es which 
act os the afferent channels in the simple reflex act. 

Stimulation of the mucous membrane of the tongue and mouth, 
whether chemically, as with irritating condiments, or mechanically, 
as by the motions of mastication, is generally transmitted to the 
centre bythe sensory branches of the fifth cranial ner\'e, which supply 
the mouth, and by the branches of the glosso-plmryngeal. 

The stimulus of the sinse of taste is* sent by the nerves of that 
sense, mainly the gloss(>-phiuyngeal,«to the tiiste centre in the cortex 
cerebri, anofrom thence to the secieting centre by means of inter- 
central fibres. 

The stimulating of the olfactory region with certain odours induces 
salivation through a channel of a similar kind passing along the 
olfactory nerve to tHfe brain, and thence to the special salivary centre. 
Even in the absence of taste or smell, mental emotion may l>6 excited 
by seeing or thinking of fooil, and may auise activity of the salivary 
glands, here the inter-central channel is the only one occupied in 
bearing the impulse to tlie special secreting centiv. ^ 

Irritation of the gastric mucous iiiembruue stimulates the Sidivary 
glands as may be seen with a gastric fistula, or by the sudden flow of 
saliva which commonly precedes vomiting. In tliis case the impulses 
are carried by the gastric branches of the vagus. 

The stimulation of the central end of the cut sciatic h said to cause 

t 

n 2 
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on inomse in the flow of saliva, so that it would appear that even an 
ardinaiy sensory nen^e can excite the centre to action. Lastly, 
many drugs, when introduced into the blood, cause a flow of saliva, 
among these are pilocarpin, physostigma, and curara, while atropia 
and some others, on the other hand, check the action of the glands. 

From this we learn that the nerve centre, controlling the activity 



Fig. 64.— Diagiam of Nerves of the S^bmaxfllaiy Gland. Tlic dark lines show the 
ooniae of the ne^es going to the gland. ^ 

(vu.) Fortio dnm ; (v.)niferi 0 r maxillary division of the fifth cranial nerve ; 
(o) Snbmaxillary ganglion; (s) Sympathetic round facial artery (a); 
(s. c. G.) Superior cervical gan^ion. 

of the salivary glands, may receive impulses* from many distant 
and diverse nervous sources, or may be influenced directly by the 
quality of the blood flowing through the special nerve centre itself. 

The channels traversed by the efferent impulses going to the 
salivary glan<^ have been demonstrated by experiment. In the case 
of the submaxillary, the route it especially distinct and instructive, so 
that irom this gland we obtain most of our knowledge concerning the 
direct influence of nerve impulses on the gland cells. This question, 
therefore, will be treated somewhat in detail 
There are two sets of nerves going to the salivary glands, one 
belonging to the sffwpathetic and the other to the cerelrthspinal systems, 
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both of which have been proved to exert a certain amount of influ* 
ence on the action of the glands, the share taken by each apparently 
differing in different animals. 

The sympathetic branches for the snbmaxillary and sublingual 
gland come from the plexus which embraces the facial artery, those 
for the parotid come 
from the plexus sur- 
rounding the internal 
maxillary as that artery 
traverses the gland. 

Both of these nervous 
jdexuses are derived 
from the superior cer- 
vical part of the sym- 
pathetic nerve. 

The cerebro - spinal * 
fibres for the submax- 
illary and sublingual 
glands lie in the com- 
plex nerve known as tWb 
chorda-tympani, which 
comes from the portio 
dura of the seventh, and 
joins the linguid branch 
of the^ fifth. Tliey 
])ass thence through ^ 
the submaxillary gan- 
glion to t]|p glands. 

The cerebro - spinal 
parotid branches pass 
through the lesser su- Fig. OS.—Dlagmm of Nerves supplying the Parotid 
pin-ficial petrosal nerve Th^dark lines indicate the course of the 

t . nerves of the gland, 

from the tympanic 

plexus to the otic sranc- division of fifth nerve and its (a t) auri- 

r> o culo-tcmporal branch, 

lion, and thence to the (vn.) Portio dura. 

auriculo-teiuporal nerve • ^1 Superior cervical ganglion sending a branch 
which sends twigs to to the owotid plexu. «,und the art«T. 

the gland. (Fig. 65.) 

I. — The effects of experimental stimulation of the cerehr<hspinal 
glandular branches, so far as we know are alike for all the glands. 
But owing to the greater facility with which the submaxillary 
gland can he reached and its nerve isolated, ixisearch has been chiefly 
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devoted to it, ty operating on the chorda tympani and the other 
nerves supplying the gland. 

It has been found that section of this nerve, or of the portio dura 
near its origin, removes the possibility of exciting the glands to action 
by stimulating the mouth, so that the cei*ebro-8pinal and not the 
sympathetic are the channels traversed by the reflected impulse on its 
way to the gland from its centre. 

The reflex stimuli which were supposed to be elicited through the 
medium of the submaxillary ganglion, probably depended on the 
escape of the stimulating electric current used, and the reflexion from 
a sporadic ganglion, such as the subinaxillary, has never been satis*- 
factorily demonstrated. 

It has further been shown that diieet stimulation of the chorda 
t 3 mipani nerve, although it be cut oil* from its central connections^ 
causes a copious secretion of thin watery sajivii, and this increased 
secretion is accompanied by a giHsat dilatation of the small arteries 
going to the gland, so that a pulsation ma}^ be seen in the small 
veins, and the blood retains its bright arterial colour when leaving 
the organ. 

These two chief results of stimulation, actimty of the secretimj celU 
and vaeculardilatatioitj are brought about by different nerve agencies, 
as appears from the action of atiopia which stops the secretion of 
saliva, hut does not prevent the dilatation of the veshcls on stimu- 
lation of the chorda tympani, from which we conclude that ijs effect 
is restricted to a mechanism engaged exclusively in controlling the 
activity of the gland cell^. ^ • 

Stimulation of the chorda t^mipani causes the secretion to be carried 
on with great energy. The fluid was found to enter the d%.ct with a 
pressure equal to 200 m.m. (aboht 8 inches) of mercury, while the 
blood pressure in the carotid ai’teiy of the animal was only 112 ni.ra. 
(about inches) mercury ; that^is to sa\% the force by means of whicli 
secretion is driven outwards, is neaily twice as grgat as the 2 )ressare 
in the blood vessels in the gland. The secretion of saliva cannot 
then be a question of mere filtration, for if the physical agency- 
pressure — alone were acting, the saliva would be forced into tlie 
blood vessels as soon as the pressure in the duct exceeded that in the 
vessels. « 

The force and rate with which tlie secretion is produced vary with 
the strength of the stimulation. The flow of saliva steadily increases 
within certain limits as the stimulus gets sti^onger. It is not only 
the quantity of the secretion that depends on the amount of nerve 
impulse, bftt also its quali^; that is to say, with a fresh gland, not 
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wearied by pi'eviouB experiment, the amount of solids in the saliva 
increases as the stimulus is increased, so that not only the activity of 
the gland cells is under the control of nerve influence, but the l^d 
of work they perform is also regulated by the intensity of nerve 
impulse they receive. 

It has been found that the increase in the blood flow is secondary 
to the secretion called forth by stimulation of the chorda tympani. 
This is shown by the fact that even when the blood supply is cut 
off by any means (strong sympathetic stimulation, ligature of the 
vessels, or even decapitation) an amount of saliva can be made to 
flow from tlie gland which could not have been stored up in its cells 
jirior to the stimulation of this nerve. 

II. — With regard to the influence exerted by the sympatJietic hrancJias, 
the most obvious result of stimulation of these is a contraction in 
the aiteriolew, and a cons^uent diminution of the amount of blood 
flowing tlirough the gland. The glands look pale, and the blood 
leaving them is intensely venous in chamcter ; the exact opposite, in 
fact, to the result obtained by stimulation of the cerebro-spinal 
nerves. But the sympathetic has also an effect on the gland cells, as 
it produces an incimsed flow of saliva. In the d»»g the secretion of 

symiMithetic saliva ” is only tempoiajy and scanty, having high 
specific gmvity, and being overloaded with the solids. In the cat 
and rabbit " sympathetic saliva” is scanty, and not thicker than the 

chordtysaliva ” of the same animal. So far as regaids the blood- 
vessels, then, the chorda is directly op^wsed to the sympathetic. 
To explain this antagonism we may eitjjer assume the existence of 
local nerve (ientivs governing the muscular coats of the arterioles, 
and suppose that the sympathetic stimulates and the chonla inhibits 
the activity of these centres, or, ^hat seems more simple, in the 
absence of anatomical evidence that such a centre exists, we may attri- 
bute to the arterial muscle cells themselves on automatic tonic power 
of contraction whiah can be increased by the sympathetic and dimi- 
nished by the choida tymi>ani. It is singular that if all the nerves 
letuliug to the gland be cut, after some hours a pivtty copious watery 
secretion of saliva occure and lasts for some weeks, after wliich the 
cells undergo atrophic changes, and the gland becomes ixMluced in 
hize. The explanation of the tippearance of this so-called paralytic 
saliva” is not cleai’ly made out. Possibly the removal of some 
trophic nerve-influences induces abnormal nutritive changes which 
cause stimulation of the cells, and ultimately leail to their dege- 
neration. 

The histological investigation of the elements of tliese glands in 
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the variotis stages of secretion throws considerable light on the 
behaviotir 4>f the cells during their periods of activity and rest. 



Pig-. SS.—Sectioiut of Ot^ital Gland of the Log. (Hcidenhain.) 

(a) After prolonged period of reet. (b) After a period of actirity. 

la (a) the aeereting mUb are dear, being swollen up with mneigen, and the half-moon 
oelle are very distinct and darkly stained. 

In (a) tbe aoemnuJated material has been discharged from the odls, and the ahmoU 
are shrunken. 


It is now certain that the different stages arc accompanied by 
constant structural changes in the cells, which doubtless are inti> 
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xnately connected with secretory activity. During the period of 
rest, that is, the time when the gland is not discharging its secretion, 
the cells slowly undergo a change in their appearance, which is 
obvious in proportion to the ease with which the material they 
secrete is recognised in the protoplasm of a cell. Thus, in mucous 
glands, or in mucus-yielding salivary glands, the changes are con- 
spicuous ; whilst in those which give a w’atery secretion they are less 
easily seen. 

As an example we may take a mucous gland, such as the orbital 
gland of the dog, and follow the changes which occur in its cell from 
the time it ceases to discharge its function. (Fig. 66.) 

Immediately after the prolonged and active discharge of the secre- 
tion of the gland, the cells have all the characters of ordinary proto- 
plasmic units, and the distinction between the polygonal cells 
and those next the wall of the acinus (demi-lune cells) is made out 
with great difficulty, because all the cells stain evenly with carmine, 



Fijf. (57 .— CcUb of the Alveoli of a Serous or WAcry Salivary Gland. (Langley.) 

U) After rest. (b) After a short period of actinty. 

(i'} After prolongcd^>eriod of aoti^ity. 


and have no .«<pecial characters except those l^longing to active pro- 
toplasm. 

During rest certain clianges gradually appear in those gland-cells 
which are next the lumen of the saccule. They appear to swell 
towards the lumen, and at the same time become clear and resist 
staining with carmine, their protoplasm l^ecoming impi\'gnatt‘<l 
with mucus-like material (mucigen), w'hile the demi-lune cells remain 
protoplasmic and stain easily, and are thereby readily distinguished 
from the cell in the cavity of the saccule. 

Now, if the dischaige of secretion be called for, either by nonnal 
reflex excitation, or by direct stimulus of the clionla tymi>ani nerve, 
the cells discharge the contained s}>ecific, material, some of yiem most 
probably being desti*oyed by the act. If the active secretion be con- 
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tiiintidlbr **801116 tiiM/ the cells return to their former" protoplasmic 
state, and the cells which have been worn out are replaced by others 
from thedesiu 4 uiie or maiginal ceils. 

In the glands which do not pit)duce any mucus the brilliant look 
of the oells after rest is wantii^, but a corresponding change occurs. 
The sem^eting protoplasm becomes extremely granular during the 
restiojg period, and again clear after tlie discharge of the secretion. 
(Big. 67 .) 

Thus it would i^pei^ that during the so-called period of rest, when 
little or no fluid is poured into the duct, the gland-cells are busy at 
their manufactuixiig process, diligently adding to their stock in hand 
in order to be neady for a sudden demand which they could not meet 
by merely ooncufrent work. 

To sum up, then, we may conclude : — 

• 

I . That the manufacture of the specific mateiiols of the secretion 

is accomplished as tlie result of the intrinsic power of tlie 
protoplasm of the gland oells. 

II. That a ^dtal process is called forth in |he gland cells by the 
action of nerve imimlses, bewmse — ( 1 .) The force wdth 
which the secretion is expelled cannot be accounted for by 
the blood pressure. ( 2 .) The quantity and quality of the 
secretion is modified by the intensity of the nerve stimula- 
tion. ( 3 .) The tenqKjrature of the blood is raised. ( 4 .) 
Structural changes in the cells can be observed. 

III. The normal 8 timulli^i to secretion passes from the centre iii 

the medulla oblongata tc^tbe salivaiy glands along cerebro- 
spinal, not sympathetic, nerv^es. • 

IV. This centre lor salivary secretion, which at oidinaiy times 
is modeititely active, may be excited to energetic action by 
impulses coming from taste, smell, and ordinary sensory 
nerve terminals (jmrticularly in the moutli), as well as by 
those which emanate from mental emotions. 


Changes undergone m the Food in the Mouth. 

Food when taken into the mouth undeigcxis two processes, wliicli 
are inseparable and simultaneous in action ; viz., mastication and in- 
BolwajUon, 

The mechanism of mastication has already been discussed, so far 
as its tritttrating power is^concemed* In its final object of forming 



FUNCTIONS OF THE SALIVA. 


107 


the subdivided food into a bolus wliich can be etmkf swallow^, it is 
much aided by insalivation^ particularly in chewing dry food ; and 
in this latter the moistening of the paiticles, as to make them , 
adhere together, is the most necessary act of ssouth digestion, and is 
next in importance to the subdivision accomplished by the teeth. 
Moreover, the saliva covers the bolus with a coating of viscid fluid, 
so that it can more easily slip down the oesophagus. Deglutition 
of solids is difficult during a scanty supjdy of saliva. 

Our food is generally composed of materials <some of which »are 
soluble in water, and some are not. 

While in the mouth the saliva dissolves a great quantity of the 
more readily soluble materials, such as sugar and salt, which may be 
eith(*r mingled with the insoluble substances, and swallowe^l 
togetlier with the bolus, or swallowed separately in a fluid form. 
Solution, then, is an impcwitant item in mouth-digestion. 

In many carnivorous animals the use of the mouth-fluid is chiefly 
mechanical, dissolving some insignificant part of the food, and aiding 
mastication and deglutition. In man, however, and other animals 
that make use of mucV vegetable focal, it has a chemical function, 
and acts on the insoluble stiirch, converting it into soluble sugar. 

The active principle which biings about this change is Ftyalin, 
Tliis is one of a series of feiments which exist in the Inxly, and 
to which most of the chemical changes in digestion are due. Although 
each posiesses ceiluiii peculiaritie*^, yet as a group they may be 
<le.Ncribed as effecting by their presence various alterations in the 
substances on which the^H act, wdiile the^* themselves do not undergo 
any i)erceptible change, and a smaH<piantity ’will do as much w ork 
as a larger <ftiantity if allow’ed a proportionately longer time. 

Plyalin acts exclusively on starch, and hence is spoken of as an 
amylolytic ferment, its action consisting in causing the starch to 
unite chemically with one molecule of 'water thus ; — 

H,0 = C,H,,0e 

Stuix'h. Grtti)o-sug«r. 

During this i>roces8, which hikes at the least a iew minutes 
to complete, various stages cun be detected : first, tw'o substances 
are formed which together are commonly spoken of as dextrin ; 
one, erythro-dextrin, which gives a red colour with ioiline, and 
easily passes into soluble sugar; and the other, achriio-dextrin, 
gives no colour w’ith iodine, and is w’ith difficulty converted into 
sugar. As it gives no colour with the ordinary test, its presence is 
often overlooked. 
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The amgar thus formed has beeu called Ptffolose, which^ however, 
can he converted into ordinary grape sugar (glucose) by the action of 
sulphuric acid. Some say the product is all maltose. 

I The presence of starch, either in its soluble or insoluble form, is 
easily recognised by the blue colour given by free iodine, which 
colour disappears on heating to about 100® C., but reappears on 
cooling. 

Very many tests have been recommended for the detection of 
sugar. The most generally applicable one is Trommer’s. The liquid is 
made strongly alkaline with potash, and a few drops of a dilute solu- 
tion of cupric sulphate is added, a clear blue solution results, which, 
on being raised to the boiling point, deposits a yellow precipitate of 
cuprous oxide. Fehling’s and Pavy’s solutions are modihcations of 
the above test adapted for quantitative analysis. 

When yeast is added to grape-sugar and placed in an inverted 
test-tube, the sugar is converted into alcohol and carbon dioxide. 
The latter rises to the top of the test-tube, and can be used as an 
indication of the quantity present. Experiments may be carried out 
udth saliva obtained from any of the glands directly, hut the mixture 
of the secretion of all is found to be more efficiUsious than that of any 
single one. The ordinary mouth-fluid filtered serves well for ordinary 
experiment. 

An effective glycerine solution of ptyalin may be obtained by 
steeping chopped salivary glands in alcohol, and then extracting for 
some days with glycerine and water. ' 

The following facts must be borne ip mind concerning the 
amylolytic action of ptyalin : — 

e 

1. The extremely small amcant of the ferment required to make 

the fluid effective. 

2. There is no appreciable diminution in the amount of ferment, 

so that it cannot be said to be used up in the process. 

3. The action takes place most readily in alkane solutions, such 

as the saliva, slowly in neutral solution, and not at all in 
acids of the strength of *2 per cent of hydrochloric acid. 

4. Temperature has a marked effect on the process. Cold (0® C.}, 

quite checks the action ; heat (75® C.) destroys the power of 
the ferment, which is most active at the body temperature 
(35®--40®a). 

5. Strong acids or alkalies destroy the amylolytic power of 

ptyalin. 

6. l%e ferment has but little effect on raw starch, its cellulose 



MOUTH DIGESTION. 


109 


coating protecting it; but it acts rapidly on well-boiled 
starch. 

7. Ptyalin is more active in weak solutions, and seems to be 
impeded in its action by an accumulation of sugar. 

To recapitulate, we find that the following changes take place in 
the mouth : — 

(1) Solid food is or should be finely subdivided ; (2) dry food 
is moistened, (3) rolled into a bolus, (4) and lubricated ; 
(5) the soluble part is dissolved, and rendered capable of 
being tasted ; (6) and part of the starch is converted into 
soluble sugar by the action of a ferment called ptyalin. 

In the short time occupied by the passage of food through the 
oesophagus no special c\^ange takes place in it, so we may pass on at 
once to the gastric digestion, which will occupy the next chapter. 



CHAPTER VIII. 

STOMACH DIGE6TIOK. 


Th® general surface of the stomach is covered by a single layer of 
cylindrical epithelial cells which also line the orifices of the 
numerous glands with which the mucous membrane is thickly 

studded. This single layer of 
cylindrical cells is marked olf 
from the stratifieil s(iuamou8 

cells lining the ODSophagiis by 
a a sharp line of demarcation. 

The glands of the stoinacli 
I are tubes *T)f wliich the orifices 
c are conical depressions whicli 
^ divide into two or three tubular 
e The outlet or 

orifice is covered by the common 
* cylindrical epithelium oMie sur- 

f«ice of the stomach, and the 

I ^ fundus filled with specific 

’ ' • granular cells. Tlie glands dij) 

^ ^ , . . . • down into the delicate submucous 

WaH of the Stomaeh. tissue, tlie branching tulies lying 

gtana. TUnartati “"J exceedingly cl^ 

epithdhtm. together. Between them an in* 

b, FandiM irf giradf with spherical and jection demonfftratcs a dense net- 
«. capillary vcHsels wliich 

d. Satmnusons tiwue containing blood suiiounds the tulje and closely 

..C«;S^(^dMi,«e..aa(,)loag^^ the delicate lament 

fauKfiAi nitiMile coats. membrane which forms the boun- 

*. Sefons membfane. of the glands and the basis of 

attachment of the glandular adls. 
In the cardiac end of the stomach two distinct kinds of cells are 
found in the deeper part of the gland tubes. One kind, which 
is much ^he more numerous, consists of small pole spheroidal 


Tig. SS.*— Diagiam of a section of the* 
WaU of the Stomach. 

a. Otiflces of glands with cylmdrical 
epithdinm. 

h. Fandna of glands with spherical and 
ovalepithelinm. 

c. Moiciilaris mnoosm. 

d. Sabmncons tissae containing blood 

^nmek,k(t, 

c. Cfrcnlar, (/} oblique, and [ff) longi- 
tudfnal nraacle coats. 

A. Setons mcm bn uie. 
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cella, wMch occupies the lumen of the gland and forms the regular 
cell-lining of its cavity. These cells have been called the chief 
cells ^ (HauptzeUen)) or central spheroidal cells'^ 

The cells of the other form are comparatively few, being altogether 
wanting in some of the glands. They ore larger and more striking 
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69 —Diagram showing the rtluiion of^ the ultimate twigs of the hlood*Temels 
(v an^}, and of the absoibent radicals to the glands of the stomadi and the 
different kinds of epithelium, vu , aboi^e ci linincal cells , small pale cells m the 
lumen, outside which are the dark o\oid f gU«. 

than the central cells lietween which and the basement membrane 
they lie scattered here and there over the lundus of the gland, making 
the delicate membrane bulge. They stain moi‘6 easily, and have 
darker grannies than the ccntial cells. On account oi their position 
they have been called “iMWietal,” “marginal or border cells" 
(Belegzellen), and from tlieir oval shape, which equally w^l 
distinguishes them from the* other, “ ovoid celU” (See lig. 69). 

Tliere is a different class o( glands, the so-called mucous, found 
chiefly near tlie pyloric end of the stomach, in which there is 
but one kind of cell throughout, and this seems to differ in cliaracter 
from both the varieties in the other glands, resembling mther the 
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oylindiieal c^thelmin covering the surfiice of the stomach and dip- 
ping into the conical orifices 'which lead to the glands. 

The difference between the two kinds of glands found in the 
stomach, both as regards their distribution and way of branching, and 
the cells which line the deeper parts of the tubes, is found to vary in 
different animals. The difficult of obtaining fresh specimens of the 
human stomach makes it still uncertain whether the same differences 
exist in the human subject. The varieties of opinion and drawings 
published suggest that various stages of gradation from one kind of 
gland to another are met with in the stomach of even the same 

Experimental research does not show decisively that the anatomical 
differences denote differences of function. 


Thb Charactebs of Gast£ic Juice. 

The gastric juice is a clear colourless fluid with strongly acid 
reaction. It contains *5 per cent, of solids, its specific gravity being 
1002. The amount secreted in the day is extremely variable, and 
depends upon the amount and character of theTood ; in well-fed dogs 
it has been estimated to be one-tenth of the body weight. 

1. It contains, in man, about *2 ]K;r cent, of free hydrochloric acid, 

in the dog considerably more. The lactic, formic, butyric, 
and other acids which have been found in tlie gastric juice 
probably depend on the decomposition of some of the 
ingesta. < 

2. Pepsin, the specific substance which gives the gastric juice 

its digestive qualities, is a nitrogenous ferment 4iiich, with 
the foregoing acid, acts on proteids. About *3 per cent, is 
present in tbe secretion of the human stomach. It is 
probably associated with other less kuo^ii ferments, one 
of which curdles milk without the preserrce of any acid. 

3. A variable quantity of mucus is found in the secretion of the 

stomach. 

4. It contains *2 per cent of inorganic salts, chiefly chlorides of 

•odinm, pota^inm and calcium. 

Misthop of Obtaibiko Gastric Secretion.— Formerly attempts 
were made to obtain gastric juice by obliging a dog while fasting, to 
swallow a sponge, and withdrawing it when satuniied with the gastric 
seeieiion { or a fasting dog, allowed to swallow insoluble materiab, was 
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killed, and the secretion produced was collected from the stomach. 
It is best obtained directly from a fistulous opening in the abdominal 
wall communicating with the stomach. 

A gastric fistula was first made by accident. It was a case in 
which the surgical treatment of a gunshot wound of the stomach of 
a man left a permanent fistula, by means of which the gastric secre- 
tion was carefully investigated. Thus a man proved a valuable 
subject for experimental research. 

It is not a diflicult matter to reach the stomach by making an arti- 
ficial opening tlirough the wall of the abdomen, and, having brought 
the serous surface of the gastric wall into finn connection with tlu* 
serous lining of the abdominal wall, to open the stomacli. The 
juxtaposition of the ])arts as well as tlie patency of the fistula can 
be secured by a suitable flanged cannula closed with a well- 
fitting cork. By removing the cork the gastric juice may be ob- 
taim*d in small quantities, and viirious kinds of food may be 
introduced through the cannula, and the changes occurring in them 
studied. 

For experimental purposes an artiticial gastric juice may be used. 
This can be made from the gastric mucous membrane of a deatl 
animal (pig) by extracting the pepsin from the finely divided glan- 
dular niembn\ue, with a weak acid (less than *2 per cent.), or better 
with a large quantity of glycerine, and subsequently aihling H(h to 
the extent of *2 i>er cent. 

Mode op Secketion. — The g*astric juice is not secreted in Luge 
<iuantity when the stoimvih is empty, hjit tuily when the mucou.'s 
!ftiemhrane is irritated with some chemical or mechanical stimulus. 
The swalloupng of alkaline saliva acts us a gentle stimuliis and causes 
secret ion, so that the surface of the'*stomach becomes acid. When 
the lining menibraiie of the stomach is mechanically stimulutecl 
through a fistula it bei omes re<l, and dit>ps of secretion appe4ar at 
the point of stimulqjioii, but the amount of secretion thus produced 
is very scanty when compired with that called forth by chemical 
irritants. 

Thus ether, alcohol, and pungent condiments produce copious 
secretion. Weak alkaline solutions also cause secn^tion, but the most 
Ijerfect form of stimulant seems to l>e the normal one, namely, a 
consistent mass of footl saturated with the alkaline saliva. 

In all probability the secretion of the gastric juice is under the 
control of a special nerve mechanism, and the way in which tlic 
state of activity follows stimulation of the part seems to point to ils 
being a simple reflex act However the neryous connections (vagi 

I 
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and splanchnics) between the stomach and central’ nen^ous system 
may all be severed without any marked effect on the secretion, other 
than that which would naturally follow the changes in the amount 
of blood supply, which of course is profoundly altered by cutting the 
raso-motor nerves — ^the splanchnics. Whether this be so or not, 
there must be some connection with the nerve centres, for sudden 
emotions check the secretions, and the sensations caused by the sight 
or smell of foml give rise to gastric secretion. 

It has been suggested that Meissner's sub-mucous ganglionic net- 
work may act as a reflex centre and regulate the secretion. But since 
i*eflection from local ganglionic centres has not yet been deflnitely de> 
monstrated, we are hardly entitled to assume that it occurs here, and 
since the stimulus comes into close contiguity with the secreting cells, 
it seems quite as probable that these elements are excited to activity 
by direct stimulation of their protoplasm^ 

As in the salivary glands, so in the gastric tubes, the cells show some 
structural changes which accompiiny with great regularity their periods 
of rest and activity, and therefore may be concluded to be the indi- 
cations of the internal processes belonging to the production of the 
specific materials of their secretion. 

It appears probable that the chief secretory activity resides in the 
small central cells, and not in the large ovoid border-cells, since no 
distinct clianges con be seen in tbe latter, and the smaller gland cells 
seem to contain the pepsin, for if the mucous membrane be treated I 
•with weak hydrochloric acid, these central gland-cells are rapidly dis- 
solved by a process of digestion, while tl^ border-cells simply swell 
up and become more transparent. So that the outer ovoid cells have 
no title to their former name of “ peptic cells.” , , 

The central cells of the gastric glands ai’e finely granular, pale, 
protopLismic masses, and continue so during the time when the 
stomach is empty and the glands not seci'eting. In the eai lier stages 
of digestion these cells swell up and become^ turbid and coarsely 
granular, and stain more readily with the aniline dyes. As the diges- 
tive process goes on the cells again diminish in size, but are found to 
ccmtain a large quantity of peculiar granules, which are discharged 
from the cell before its ratura to the onlinary state of rest. The 
cells are said to be rich in pepsin in proportion to their size ; when 
swollen during active digestion tliey contain much |)e2)biu, wdien 
small, during hunger, they contain but little. 

It would therefore appear that the pepsin of the gastric juice 
ft produced as a distinct and new manufacture by the ceii- 
tnd c^s of the peptjc glands, and not by the other cells. Stiuc- 
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tural changes have also been followed out in the so-called mucous 
glands and in glands without any of the ovoid border-cells, which, 
taken with the fact that the alkaline secretion of the pyloric end 
of the stomach, where the mucous glands abound, is capable of rapidly 
digesting proteid if acid be added to it, tends to show that in these 
so-called mucous glands pepsin is also i)roduced. 

The acid is found chiefly on the surface of the stomach. The mode 
of its production beeiiis distinct from that of pepsin, but is not well 
understood. Although the deeper part of the glands do not give an 
acid reaction, while the neck and orifices of the gland are distinctly 
acid, there is good reason for believing that this manufacture of acid 
from tile alkaline blood is really an acti\e process carried out by 
some glandular cells. 

It has been suggested that the cell elements which produce the 
acid are the ovoid border-cells, from whence it rapidly passes to the 
orifice of the glands. This view is supported by the alkalinity of 
the pyloric end of, the stomach where the border cells are not found. 
In some animals the <listinct distribution of the diflereut cell 
elements and the accompanying reaction of the secretion are well 
marked. * 


Action of the Gastric Juice. 

The gastric juice has in the absence of mucus no effect on the 
carbohydrates, and probjjbly the amylolytic fermentation set up by 
the saliva is impeded, if not completely checked, by the free acid in 
the stoinaek. * 

The gastric juice has no effect tlh puie fats, but it dissolves the 
proteid fi*ame-work of adipose tis'^ue and thus sets the fats free, 
which are then turned by heat to a liquid mass like oiL Upon 
the albuminous l^xlies the gastric digestion produces a marked 
effect. The proteids being colloid bodies cannot pass tlirough an 
animal membrane by the process called dialysis ; it has therefore 
been assumed that they cannot Imj absorbed through the lining 
membrane of tlie stomach. They are albO often eaten in an insoluble 
form. To convert the insoluble and inditfusible albumins into a 
soluble and diffusable substance would obviously be a great step 
towards their absori)tion. This power is ascribed to the gastric 
juice. The steps of the process may be accurately followed in a 
suitable glass vessel, iiTespective of tlie stomach, by using artificial 
gastric juice, and attending to the various cojiditions necessdly for its 

I 2 



116 


MANUAL OF PHYSIOLOGY. 


action* The power of artificial {'astric juice carefully prepared from 
the mucous membrane of an aiiimaPs stomach differs in no essential 
I'espect from tliat of the natumi secretion in the stomach, if all 
the circumstances which aid the action of the gastric ferments be 
applied in the experiment. This action consists in a conversion of 
coagulated albumins into the peculiar soluble and diffusible form of 
proteid known as i^eptones.” 

The change is not effected immediately, but ceitain stages may be 
iHicognised in which the two chief constituents of the gastric juice, 
tlie acid and -the jDepsiii, seem to have a sei)arate action. 

Shortly after the inti^oduction of a jwoteid, such os boiled fibrin, into 
gastric fluid at the teinpeinturc of the body, the masses of fibrin swell 
up, become transparent and eventually are easily shaken to pieces 
and dissolved. 

The first 6tei> in the proce&s seems to be bj'ought about by the free 
acid, and consists in the foimation of acid albmiin. This can be 
ShoMTi by neutralizing the fluid during the process and thereby 
causing a precipitate of acid albumin (v. p. 39). The amount of this 
precipitate will depend upon how far the conversion into peptone — 
which is not precipitated by neutralization — fias progressed. Thus, 
in the eaidier stages, nearh’^ all the proteid ii^ed will bo thrown down 
by neutralization, while only a comparatively small amomit is preci- 
pitated in the hiter stages. 

The formation of acid albumin may be cflected with acjd alone 
without the other constituents of the gastric juice, and therefore the 
preliminai-y step may be att^fi^'il^d to f unaided action of the acid ; 
but since this stage in the formation of j>eptone is constant, and the 
material may possibly be distinguishable from the ordinary acid 
albumin, it has been called parafkptone. 

While the ijarapeptone is being fonned by the acid, the jiepsin is 
engaged in changing it into the final soluble, diffuhible and im- 
coagulable product — ^peptone. The pe^wiin by it^lf cannot convert 
proteid into jjeptone, as may be seen in the ivant of eflicacy of a 
neutral solution of pepsin, in which neither j)eptone nor jiarapeptone 
is formed. In other words, pepsin solution cun only cluuige para^xp- 
tone or acid albumin into peptone. It would appear prolmble, how- 
ever, that it possesses this property to an mdimited extent, since it 
undergoes no change itself, and with fresh sujiplies of acid a very 
minute quantity of pepsin can convert an indefinite amount of 
proteid into peptone. 

The r^dity with which proteid is converted varies according to 
the circumstances unde^ which it is placed as well as the kind of 
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protcid used* If the same proteid be used the followinj; circum- 
stances will be found to influence the rax^idity of the x)rocess 

1. The temperature. As already stated, the optimum degree of 

heat for the change is about that of the body, 30° F. — 40° C. 

The activity of the gastiic juice diminishes when the 
temx)erature either rises above or falls below this standard. 
The minimum at which it is capable of action at all is about 
1® 0. and the maximum is about 90° C. Boiling permanently 
destroys the function of pepsin. 

2. The percentage of acid as well as the kind of acid has a marked 

effect. Though the action wiU go on with other acids, Hydro- 
chloric is the most effective, and that of a strength of *2 per 
cent. 

3. Large quantities^of salts in solution or a condensed solution 

of peptone impede the process, a certain degree of dilution 
being necessary for the i>rocess. In strong solutions of pro- 
teid, the peptones must be removed by dialysis in order 
to allow of the continuance of the action. This occurs in 
the stomach ny means of the blood and absorbent vessels. 

4. The degree of subdivision to whicli the proteid has been 

subjected materially influences the rapidity of its conversion 
into peptone. The more iiiiely subdiWded tlie substance* 
^ the greater will be the relative extent of surface ex 2 )osed to 
the action of the digestive fluids. When large masses are 
introduced intg tlie stomach, the ga‘<tric fluid cannot reach 
the central portions, and their digestion must await the 
#c>mpletioii of that of tlie exterior part. 

T). Motion aids the action of tHe foregoing factoi'*. 

All these requi'*ites are found in the normal act of digestion. 
The temperature gf the stomach is 38"* to 39° C. ( = 100° F.). Hydro- 
chloric acid is xireseiit in the pro])ortiou of about ’2 jier cent. : as 
quickly as the peptones are formed they can Ik* removed by absorjitiou 
Irom the stomach, and thus the needful dilution is accomplished : 
and flnolly, if the mouth has done its duty, the pieces of proteid 
have been I’educed to a juilp, composed of minute jiarticles : these 
are kept in constant motion by tlie gastric W’alls, and thus ai-e 
repeatedly bi*ought in contact witli fresh supplies of the digestive 
fluid. 

Tliero can be little doubt that the convei*sion of jiroteid into 
peptone is normally bi*ought about by the pepin, which acts as a 
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ferment, in some way or other facilitating a pi'oceps which without 
it is extremely difficult to accomplish. Proteids may, however, give 
rise to peptone without the presence of any pepsin at all, if they be 
treated with strong acids, alkalies, boiling under high pressure, 
putrefactive and other fermentative actions. This, togetW with the 
analogy suggested by the chemical debiils of the ainylolytic action of 
saliva, which one may say depends on an atom of water being taken 
up, suggests that the change of proteid into peptone is also hydrolytic, 
the peptones being simply an extremely hydrated form of proteid.* 

So far we have found that the action of the gastric juice affects 
proteids alone. Its action on other constituents of food varies. 
Gelatinous material is dissolved by the gastric dige.stion and 
rendered incapable of forming a jelly ; its conversion into peptone 
has, however, not been established. The connective tissue of meat is 
therefore soon removed, and the muscle fibres fall asunder, the sar- 
ccdemma is dissolved, and the muscle subsUince is converted into true 
peptone. Tlie delicate sheets of elastic tissue, such as basement 
membranes and those of small vessels, are dissolved, but laiger masses 
of yellow elastic tissue are not affected by the gastric digestion. The 
horny pait of the epi<lermis, hairs, &e., are ([uite unaltered, and 
also the mucus, which i»asses along the alimentary tnict vilhout 
change. Bone di.ssolves slowly, the animal part being atbicked at 
the surface by the gastric juice and the acid slowly removing the salts. 

Tlie action of the gastric juice on milk is peculiar. On j^aching 
the stomach milk is curdled by a special fennent formed in the 
gastric mucous membrane. • This is known as “ Rennet,'’ which 
is made from the stomucli of the ^alf, and used in the manufacture 
of cheese. The precipitation of Jhe Ca-sein (alkali albumft), which 
gives rise to the curdling of the milk, is not brought about by the 
hydrochloric acid (although the acidity would be sufficient cause), 
because neutralized gastric juice has the same effect. It appears 
that a special fennent (not pepsin) which diivctly^iftects the casein 
and causes its coagulation, must exist. It is not due to common 
lactic ferment, for though lactic acid is produced, it is formed t<K) 
slowly to account fur the very rapid coagulation of milk which occurs 
in the stomach. 

* Tbongb proteids will not diifuiiiG tbrouflrh a dead auimal-mcmbniiie when distilled 
water in oaed, a fair amount of diffusion taken xilore if a suitable solution of rtommon 
salt be employed instead of water. It must also tjc remembered that the gastdo 
mucous membnuie is a living active structure, and that the fluid into which the 
albumins have to diffuse may be regarded os a saltsolution. It is therefore quite pro- 
bable that a considerable quantity of albumin may be absorlied as such. The fact that 
peptone canilot be found in aav quantity in chyle or portal blood tends to prove that 
the albumin does pass through uie stomach wall without being elianged into peptone. 
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The gastric juice has little eflfect on vegetahle food in general, 
though well-masticated bread may he very materially altered, owing 
to the action of the saliva on the starch coiitinniiig until the mass is 
broken up, and the gastric juice then dissolving the proteids (gluten). 
The greater part of the substance of bread, however, leaves the 
stomach in an imperfectly digested state. 

In short, the amount of change which any given form of food ill 
undergo in the stomach will depend on the amount and exposed con- 
dition of the piuteid it contains. 

In recapitulating the chief events of gastric digestion, it must be 
reiiieiiibered that while the food is yet in the mouth the secretion of 
the gastric juice commences, and is greatly increased by tlie arrival 
of a bolus of food and a quantity of fiuthy alkaline saliva. As the 
stomach is filled, more and more secretion is produced, and as some 
food is absorbed an additional stimulus is applied. Being kept in 
motion in a laige quantity of liquid which dissolves the cases in which 
the food particles are contained, the bolus of food soon falls asunder 
and each of its ingredients is fully exposed to the action of the 
gastric juice. The acid reaction of the gastric fiuid neutralizes the 
alkalinity of the saliva, so that the action of the ptyalin is hindered, 
and the starch gnuiule^ float about quite iiiiaffected hy the jn^psiu or 
hydrochloiic acid. The heat of the stomach melts the fat‘<, and the 
motion breaks up the oily fluid into smaller niashes They are tlieii 
mingled with the geneial fluid, which becomes more and more turbid 
owing to the admixture of starch giuiiule^, fat globules, di'isolved 
parapeptone'^, and miinjtc i>article.s of j)iirtially digested proteids. 
This dull gi'i*y turbid fluid is called clujme. The jiroteids (which class 
of food-sbifl’s are most iuofouiidl/ affected by tlie gastric digestion) 
are changed more or less rapidly aoconliiig as their particles are small 
and uncovered, or large and massed together, so that they are more 
or less readily reached hy the gastiic juice, and also in proportion to 
the facility with ■^jhich they form acid alhiimin. The chyme contains 
hut little pe]>toue, so tliat W’c may conclude that, when formed, it is 
raj )idly absorbed as are al>o the soluble sugar and <»rdinary fluids taken 
with the food. The chyme begins to leave the pylorus si)on after gastric 
digestion has begun, some passing into the duothmuni in about Inilf 
an hour. The materials which resist the gastric secretion, or are 
affected very slowly ])y it, are retained many hoiu^ in the stomach, 
and the j^ylorns may refuse c.xit to such materials for an indefinite 
time, so that after causing nmcli uneasiness they aie finally removed 
hy vomiting. However, many solid nuu^ses, un-che wetl vt*getahles, &c. ^ 
csaipe through the p3dorus when it opens to let out tlie vhyme. 



CHAPTER IX. 

PANCREATIC JUICE. 

Second only to the stomach in importance as a cligestiye cavity, 
is the duodenum, into whicli the copious secretion of two of the 
lai^est glands of the body — the pancreas imd the liver— is 
poured. * • 

The pancreas is a large compound sacculated or acinous gland, 
being composed of numerous irregular packets of gland tissue attached 
by its lateral brancblets to the main central duct. Tlie saccules are 
rather elongated, bnt have the same general construction as those of the 
serous salivaiy glands already described. A single layer of irregular 
or slightly conical cylindrical cells in the saccule, shows a tlifference 
of structure in its central and peripheral sides, so that an external or 
homogeneous zone, and an inteiual granular zone maybe distinguished. 
Each zone corresponds to one half of the cells, the clear half behig next 
the boundary, and the granular half next the lumen of the saccule. 
The relative width of these »nes varies witlf the digestive process, so 
that the nuclei which are situated between them sometimes appear 
to Ije in the outer clear zone, anj^ sometimes in the inne? granular 
zone. The outer zone colours readily with canuine, whilst the inner 
zone remains unstained. 

The large duct which passes doum the axis of the gland, recei\'ing 
tributaries on all sides, is surrruinded ^vith a layer Of loot^e connective 
tissue which fcams an outer coat. The proper coat of the duct is 
cQSuposed of elastic tissue, lined by a single [layer of cylindrical 
epitbaliunL 


CohLEcnoy OF Pabtcbeatic Juice.— From a temporary fistula the 
secretion of the pancreas can be obtained in sufficient quantity to 
<letexiuuie its character and properties. A permanent fistula is esta- 
blished wi||h difficult, and the secretion soon alters its characters, 
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becoming thin and losing its efficacy, most probably being altered by 
an abnormal state of the gland. 

An artihcial pancreatic juice may be extracted by yrater from the 
minced gland t^en a few hours after death from an animal w'hich 
has been killed during active digestion (a couple of hours after 
eating). This extract, used with proper precautions, will have the 
same eifect as the secretion itself. 

A glycerine solution containing the active principles of the pan- 
creatic secretion may also be made from the pancreas of a dead 
animal by treating the minced gland for a couple of days with 
absolute alcohol, removing the alcohol, and substituting sufficient 
glycerine to cover it, in which it should remain a week or so. This 
extract, filtered, contains but little else than pancreatic ferments. 


Characters op the Secretion. — The pancreatic juice is a very 
thick transparent, colourless, strongly alkaline fluid, which turns to 
a jelly if cooled to 0® C. It often contains about ten per cent, of solids 
when obtained from a temporary fistula, but it may have as little as 
two per cent. 

Of these a considerable propoition aie oiganic, namely : — 

1. Albumin which is coagulated by boiling. 

2. Alkali albumin, precipitated by acetic acid or by adding 
•magnesium sulphate to sjituration. 

3. Leucin and tyrosin. 

4. Fats and soaps. • • 

5. Salts, particularly sodium carbonate, w’hich makes it alkaline. 

0. TMIee fennents, to which it qjves its specific action on the food- 
stuffs. 


Mode op Secretion. — The ^mncreas does not continue in a state 
of activity during the interval between the peiiods of active d^estion. 
When the gland is at rt»8t it is of a pale yellow colour and is flaccid, but 
during active digestion it becomes more tuxgid, and assumes a pinkish 
colour from the increased flow of blood* The secretion commences 
immediately after taking food, and rises rapidly for a couple of hours, 
then falls and rises again in the later hours of digestion, five to seven 
hours after a meal ; then it gradually falls for eight to ten hours, and 
ceases completely when digestion is at an end. The first rise which 
accompanies the introduction of food into the stomach, is certainly 
brought about by nervous agencies of a siinijar nature to that of the 
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stoizmch, the secretion of whv^foUowBisloselyupimmasticatioiL The 
second accompanies the passage of the undigested food through the 
small intesthies^ and may also be most conveniently explained os the 
result otreflez nervous stimulation of the gland cells. 

The great complexity of the nerve distribution to the glands of the 
intestu^ tract makes it difficult to ascertain the exact channels 
traversed by the afferent and efferent impulses. The following obser- 
vations, if accurate, would tend to prove that certain inhibitory 
impulses pass from the stomach along the vagus to the medulla, and 
are thence reflected to the gland by its vaso-motor nerves. Daring 
vomiting, or v^en the central end of the divided vagus is stimu- 
lated, the secretion of the pancreas ceases. Section of tlie nerves 
which sorroond the blood vessels distributed to the pancreas causes 
considerable (paralytic) flow of secretion which stimulation of the 
vagus cannot check. « 

No nerve channels have been demonstated to carry exciting 
impulses direct to the glands, as the chorda tympani docs to the sub- 
nuudilary ; but the direct stlmulatiou of the ghind itself, or of the 
medulla oblongata, is said to induce activity the gland. 

During the period of rest of the pancreas, i.e., when the alimentiiry 
tract is not in activity, no secretion flowing from the duct and the 
gland being pale, the gland cells in the acini undergo a change 
which may be compared with that observed in the cells of the serous 
salivary gkuds. The division of the row of cells lilting the 
acinus, into a central granular and outer clear zoue, has already been 
mentioned. • 

Immediately after veiy active ^cretion, the central granular /one 
is reduced to a minimum owing to the paucity of graaciles ; and 
the outer zone occupies the greatef part of the cell, the entire suhstance 
of which stains readily and looks like ordinary protoplasm. After rest, 
however, the granules re-appear, and after the lapse of a short (quiescent 
period, the inner granular zone has again encroached on the outer, 
owing to the accumulation of granules which, rapidly incrcasiug, fill 
the greater port of the cells, and cause them to bulge inwards and 
occlude the lumen of the gland. When digestion commences, the 
cells imdergo a alight change in form, so that each individual cell is 
mam dirtiactly seen, and its angles are retracted, giving a notched 
appearance to the margin of the acinus. The blood supply 
during this pmiod is much increased, red arterial blood flowing from 
the veialsta of the gland. At the same time the granules are dimin- 
ished in number, escafdng at the free central margin of the cdls 
into the lumen towards arhich they appear to crowd, leaving the outer 
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zone once more clear and free from granules, urhile the lumen of the 
saccule and of the duets are filled with secretion. 

Let us then examine a single cell; during the period of rest 
with a comparatively poor supply of hlood, the cell receives its 



Fig. 70. — One fiaeeale of the Fancrefia of the Babbit in different states of activity. 

A, Alter a period of rest, in irhich case the outlines of the cells axe indistinct, and the 

inner zone, t.«., the part of the cells (a) next the lumen (c), is broad and filled 
with fine grant^. 

B. After the gland has poured out its sccietion, when the ccU outlines (d) are clearer, 

the granular zone («) is smaller, and the clear outer zone is vider. (Kiihne 
and Lea.) 

• 

normal nutrition, which is accompanied hy an accumulation of 
granules in the protoplasm next the free^sidc of the cell During 
secretion these granules are pushed ^ut of the cell, and seem in some 
way to fon* the secretion. 

It will be seen immediately that one of the most important func- 
tions of the pancreatic juice is the formation of peptone fromproteid, 
which operation is carried out by a sjH^cial ferment called trypsin* It 
has been found thaUthis ferment can only be obtained from tlie active 
pancreas, and that the wider the inner granular zone of the cells is, 
the richer in ferment is the glycerine extract made from tlie gland. 
But it has also been found that if a glycerine extract be rapidly made 
from an actively secreting absolutely fresh gland, i.d,, lumoved fi*om 
the dead animal while still warm, the extract is found to be quite iuert 
towards proteids, while an extract made from a portion of the same 
pancreas which has been kept some hoiirs after death is very active ; 
and a portion of the fresh pancreas pounded in a mortar with a little 
weak acid so as to develop the tiypsin in it, acts in an alkaline solu- 
tion and forms peptone energetically. # 
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We muefe tiierefoxe conclude that; the special proteolytic ferment of 
the pancreas does not exkt piior to the period at which the secretion 
ia poured out firom the gland eella. 

Although a definite relation seems to exist betwemi the amount o^ 
granules in the active cells and the degree of efficacy of the secretion, 
the ferment does not appear in full force for some time after that the 
height of the gland activity has been established, and it is likely tliat 
the presence of an add helps in tlie birth of the ferment 

It has therefoie been assumed that the granules of the gland cells 
give rise, not to the proteolytic ferment, but to a ferment-producing 
substance which is cidled Zpnogen. 

So that if we trace the history of the pancreatic proteolytic ferment, 
we shall find that, so far as this trypsin is concerned, there can be no 
question as to whether it pre-exists in the blood and is removed 
thence by the gland or not, because by studying the process we find that 
the final elaboration of the secretion takes place after it bos got into the 
ducts or the intestinal cavity. Thus the blood gives to the protoplasm 
of the gland-cells nutriment The protoplasm of the cells, by its 
intrinsic chemical processes, manufactures peculiar granules. These 
granules give rise among other things to zymogen, which in the 
presence of an acid begets trypsin. 


Pancreatic Digestion. — The pancreatic juice is, of all tlie diges- 
tive fluids the most general solvent It acts upon the t&ree great 
classes of food-stufls which^require modific|tion to enable them to poss 
through the barrier that intervenes between the intestinal cavity and 
the blood current. It changes proteids into peptones, i^j>rofouud1y 
modifies fatty substances, and* converts starch into soluble 8iig4ar. 
The ferments to w'hicli its activity is due may l>e se|)arately 
described. 

L Action of pancreatic juice on proteids , — The ferment which pro- 
duces peptones is trypsin. Some of the conditions required for its 
perfect operation are the same as those nece8.«ary for the action of the 
gastric ferment pepdn ; namely, a certain degree of dilution, and a tem- 
perature of about 40^ O. But it diflers from }>epsin in the most impor- 
tant dmaeteristic of Its action. Wliilst the presence of an acid is abso- 
lutely neoessaiy for peptic proteolysiB, we find that an alkaline reaction 
is required for this action of the pancreatic ferment, and as the peptic 
peptone has to pass through preliminary stages in which it closely 
resembfes acid albumit^ so the tiypUc peptone is first produced from 
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alkeM^lbtmin^ which has been formed as a preliminary step by the 
alkali of the pancrea^c juice. The addition of the sodium carbonate 
aids the action, and indeed seems to play a part which closely 
corresponds to that taken by the hydrochloric acid in gastric digestiom 

The change to alkali albumin and peptone as accomplished by 
the trypsin, is not accompanied by any swelling of tbe albumin such 
as occurs in the formation of the acid albumin in the stomacdi, but 
the x)iK)teid is gradually eroded from the surface and thus diminished 
in size. 

Moreover, the alkali albumin is not made directly into peptone, but 
passes through a stage in which it resembles globulin, and is soluble 
in solutions of sodium chloride. 

Besides these differences between the mode of action of pepsin 
and trypsin in producing peptones, trypsin has a peculiar power 
upon proteids, which has, no analogue in the peptic action. While 
the pancreatic x)eptone is being produced, a further change occurs, 
which gives rise to the formation of two crystallizable nitrogenous 
bodies known as leucin and tyrosin, the former l^elonging to the fatty 
acid, and the latter to the aromatic acid group. These substances, 
which are commonly foimd together as a result of the decomposition 
of peptones, seem inseparable from pancreatic digestion, and increase 
in amount towards the later stages of the action* 

The amount of peptone produced reaches a maximum in about four 
hours, after wliich X)ropoition of the different unknown decom- 
position products api)ears to increase at the expense of the peptone, 
Among these substances i^ust be named indol and skatol, the materials 
from which the i)rocess of pancreatic digestion derives its peculiar 
odour. 0 * 

This breaking up of the surplus ^roteid food into bodies which 
cannot be of much utility in the economy, and which, as will axipear 
hereafter (compare p. 350), are but a step in tbe direction of Uieir 
elimination, is pro^bly an important jiart of the pancreatic function, 
as it relieves the economy of a surcharge of albuminous substances. 

Small quantities of lyheml are also found in conjunction with the 
above, 

II. Action on Fai . — ^The action of tbe i)ancTeatic juice on fats is of 
two kinds. (I.) Saponlffcation. — By the actiim of a special fenueut 
(steopdn) the neutral fats ore split up into glycerine and their cor- 
responding fatty acids. The adds thus formed readily unite witli tlie 
alkali present, and thus form soap. The chemistry of the change 
will be found at p, 48, and may be thus shortly stated, taking olein 
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asanexasiq^ Olmn is a compound of okic acid and glycerine* Olein 
iapa < j yp ce of ferment and soda gires glycerine and (deicacid, and the 
Ipite eombinea with soda to fonn soap. This process materially aids 
in file neat (II.) Emulsification. — ^Which means that the fat is 
reduced to a state of very fine 8ub<*divi8ion, as it exists in milk. The 
production of this condition is facilitated by (1), the quantity of 
albumin in solution ; (2), the alkalinity of the fluid ; (d)> the presence 
of soap allndad to alwve ; and (4)^ the motion of the intestines. 

IIL Aetian m Starch , — This action of the pancreatic juice seems 
to depend on a separate fennent (Amyhpdn), and with the exception 
that it is much more rapid and energetic^ and is said to affect raw as 
ws31 as boiled starchy its action seems to 1^ identical with that of the 
saliva. This power is found to exist in the extract of the gland, 
whether it has been removed from a fasting or from a recenUy fed 
animal, and therefore does not depend bn whether the gland is 
^gaged in active secretion or not. 



CHAPTER X. 

BILE. 

The liver lias two chief functions, which are so distinct in their 
ultimate object that they may be conveniently described separately, 
although we are not aware that any natural distinction exists in the 
manner of their performance. One is mainly excrementitious, namely, 
the secretion of bile,* \frhich belongs to the fluids connected with 



Fig. 71.— Section of the liver of the Newt, in which the bilo duets have been injected, 
and can be seen to form a network of fine capiUariee around the liver odls, the 
outlines and nunloi of which can be seen. 


digestion, and therefore naturally falls into this chapter. The other is 
purely nutritive, consisting in the formation of glycogen. Tlie glyco- 
genic function of the liver is of the first importance in the elaboration 
of the blood, and will therefore be reserved for the chapter on that 
subject. 

* Probably also the manufacture of uroa ahould be mentioned here, for there is no 
doubt, as will be seen later on, that the Uver has an imiHirtant share in produdag this 
substance. • 
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Among the most striking anatomical peculiarities of the liver axe : 
(1) gall bladder is its receptacle for storing the secretion until it 
is required. (2) It has a double supply of blood. Besides that 
coming from the spleen, pancreas and intestinal canal, collected by 
the tributaries of the great portal vein, and distributed by its branches 
to the liver, it receives by the hepatic artery a small supply of &esh 
arterial blood. (3) A b^utiful network is formed by the minute 
ducts (bUe capillaries) which freely anastomose between the cells. 
(4) Although in the embryo, and in many animals throughout 
their adult life, tlie Hver is a compound saccular gland, yet the 
relation of the duct radicles to the saccules is so modified in the 
higher animal and man, that the analogy is no longer apparent, and 
the structural arrangement is best understood by following its 
vascular groundwork. 


Structure op the Liver.— On the surface of the liver are seen 
small rounded markings about the size of a piu*s head, which give 
the organ a peculiar mottled appearance. Thift is much more striking 
in some animals (gitafife, hear, pig) than others, but easily recognizable 
in the livers of all mammalia. These little areas mark out the lohides of 
the liver. They are surroauded by a dark red boundary, and their 
centre is marked by a dark spot, between which there is a paler 
yellowish zone. The dark parts correspond to the blood-vesy^ls, and 
have a constant relation to the lobules. 

The entire liver is made up of these little lobules, and each one of 
them has the same constructioii; and blood supply, and therefore 
forms in itself a little liver perfect in all its structural arKtl.gement8, 
go that the description of one suc^ unit will suffice to give an idea of 
the structure of the liver. For other details, anatomical works must 
be referred to. 

The branches of the large }K>rtal vein and those of the small 
hepatic artery pursue the same course through the gland, and ore 
enclosed in a sheath of connective tissue, which also forms the bed of 
the hepatic duct and its numerous tributaries. If these branching 
vessels be followed to their final ramifications, they are found to pass 
axound and between the neighbouring lobules. The branches of the 
portal vein in this sitnation receive the name of the interlobular veins. 
They anastomose freely with the terminal veinlets in the vicinity, so 
as to form a netwoxk round each lobule. From this a number of 
capUlexj jrasseb pass into the lobule, and, lying between the gland- 



72.— Seetioa of Lobulo of Liver of Babbit in whidi the blood and bile capUloiios 
have been injected. (Gadiat.) 

a. Intralobular vein. h. Intolobular veins* 

c. Biliaxy canals begiiining in fine cnpillariea. 

The vessels of this radiated capillary network become larger as they 
unite and converge to the centre of the lobule, where they open into 
a central vein which lies in immediate apposition with the gland 
cells. This vein is colled tlie intralobular vsin, and is the nldicle of 
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the effBxeBl or hepa^c vein, which carries the blood of the liver to 
the infacior vena cavfu 

Ylie ultimate ramifications of the hepatic artery can be traced to 
various destinations. Some go to the w^ls of the accompanying vein 
and duct, aiid to the connecrive tissue which surrounds these vessels. 
Many of the arterial capillaries unite with offshoots from the inter- 
lobular venous plexus thus re-inforce the lobular capillaries. 
Other branches form an interlobular capillary plexus, which fiows 
into the intcriobttlar brandies of the vena port^ together with those 
from the walls of the vein and duct. 

The blood flowing to the liver in the large vena porta and the small 
hepatic artery, is Aus conducted by those vessels to the boundaries 

between the lobules 
(interlobular vems), 
and thence streams 
through the con- 
verging lobular ca- 
pillaries to the intra- 
lobular vein, and is 
collected from the 
latter by the sub- 
lobular tributaries 
of the hepatic vein, 
by which it is con- 
ducted liocS: to tlie 
general circulation, 
and enters the heait 
by the ii^erior vena 
cava. 

Tightly imcked 
lictween the meshes 
(jf the lobular capil- 
laries are the gland 
cells. These are laige, soft polyhedral cells, witli one, two, or even 
more nuclei, and no trace of limiting membrane. Owing to the 
shape of the capiUary meshes the ceUs are placed in rows ludiating 
froin the o^tie of the lobule towards the peripheiy. 

The capiUaiy meshes are said to pass along the angles and edges of 
these cdQ blod^ so as not to come into close relation to the smaller 
channds or bile capillaries a>out to be described (Fig. 71). The finely 
granular ptotoplaam of the liver cells is capable of undergoing some 
sUt^t change in form while alive. In the protoplasm axe commonly 



Ffg. 78.— Cdb of Uie Liver. One ]fucg% maes diows ih^ 
ahapetheyoeeniitetvmtttnel i wx^ ^ (a)Tbeesin0 
free, wliai tliey ttoeome epbeniid. (6) Mare magiii- 
iSed. (c) l>it]!jiigadivedigeitloa ooBtcUn^ 
glolnilesUkeiat. 
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situated varieties of grannies, the commonest being bright refracttng 
fat globules, which vary in amount with the differmt stages of 



Fig, 74.~Sectioii af the liver ehoidiig Uie relation of the postal biaiMlifla (vn) and of 
" .. . I („v j to the lohuloi, B^wiaaportkmof thea 

n with (m) nudeaa ; {h) Blood capillaries cut c 


the radioli»of the hepatic veina (hv) to the lohules. 
highly magnifled. (a) Idver cell will 


|>g iatoy long aaglee of odla ; (e) BUe oapillariea between flattoied rides of eella^ 


digestion, others of a yellow colour, seem connected with the colouring 
matter of the bile, and a third variety, less refracting and colourless, 
is said to be related to the glycogen. • 

K 2 
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Between tbe cellB of the lobules there oan be demoBBtrated very 
fine stndglit anastomosing canals, which appear to be formed by the 
juxtapontion of grooves which lie in the middle of the flat surface of 
two neighbouring cells. Every Hva* cell is related to such a canal. 



Hg. 75.— aectton of the liyer ni the Newt, in which the bile ducts have been injected, 
and can he seen to fonn a network ot fine capallazift aroimd the liver ccllsy the 
cAztiines and nodd of which can be seen. 

and consequently a veiy dense network with peculiarly regular 
polygonal meshes is present, each mesh corresponding in size to one 
celL a 

These fine intercellnlar canals are called lobular bile capillaries, and 
must not be confounded witii lobular blood •capillaries, the diameter 
of which Is about ten times as great as the former, and which have u 
definite boundary wall, whilst |he bile capillaries have%io other 
boundary than the substance of the liver cell, and therefore are not 
really vessels. 

These fine intercellular bile passages are described os communicat- 
ing with the interlobular duets directly 0]>ening into the ducts 
without any marked increase in the luze or change of arrangement. 
The interlobular ducts which follow the course of the arteiy ami 
portal vein are composed of a delicate basement mcmbiane lined 
with a thin jlay^ of epithelium which in the larger vessels shows a 
cylindrical character. The larger bile ducts have a firm fi^bro-elastic 
coat lined with a definite mucous membrane covered with cylindrical 
epithelium lying upon a vascular submucosa, in which are scattered 
mimeioiiB of saccular form. 

The amount of connective tissue in the liver of man and most 
domestic ftw inmla is vexy^mall, but in the pig, bear, giraffe, and some 
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others^ it is easily recc^ised around the lobules, sendbg delicate 
supporting processes between the cells of the lobules. It passes into 
the organ with the portal system of vessels forming a loose sheatli 
derived from the capsule of Glisson, and is distributed with the sub^ 
divisions of those vessels to the various parts of the gland. 

The lymphatics are known to be very plentiful, and in intimate 
relation to the blood-vessels. 

Method of obtainiho — For most practical purposes the 

bile obtainable from the gall-bladder of dead animals is sufficient. 
The bile pigments and cholesterin may be conveniently obtained 
from the gall-stones so often found in the human gall-bladder. 

In order to investigate the composition of the bile as it comes from 
the ducts, before it has been m^ified by its sojourn in the gall- 
bhidder, it is necessary to make a biliary fistula, communicating 
either with the gall-bladder or with the bile-duct In this way tlie 
rate, pressure, and other points concerning the mode of secretion 
may be determined. 

Composition op Bile. — ^The bile of man and carnivorous animals 
is of a deep orange-red colour, turning to greenish-brown by decom- 
position ol its colouring matter. In herbivorous animals it ha«( some 
shade of green when quite fresh, but turns to a muddy brown after a 
time. It is transparent, and more or less viscid according to the 
length of time it has remained in the gall-bladder. It has a strong 
bitter ^ste, a peculiar aromatic odour, and, after remaining for some 
time in the gall-bladder it has an alkaline reaction. Its specific 
gravity is about 1010 \|(hen taken frox^ the bile-ducts directly, but 
it rises to 1030 after prolonged stgy in the gall-bladder, owing to the 
additio%of mucus and the absorption of some of its fluid. 

The following table gives approximately the j>ropoi*tion8 of the 
chief constituent** of the bile : — 


Water 

Bile salts ? . . . 

Colouring matter and mucus 
Fats .... 
Cholesterin .... 
Inorganic salts. 


85’0 per cent 
10-0 „ 


Bile contains no structural elements nor any trace of albaminoua 
bodies. 

I. The bile acids are two compound oci^p, glyco-cbolic tnd tanio^ 
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wliioh exist in the bile in oomhination with sodium. The 
amoant di #eh Tttiies in diiierent animals and at dilEerent times in 
Ihe sasoe attlmal. The bile of the dog and other oamivoia contains 
only tanvcbeliolate of soda. In the ox tlie glyeo*cholate of soda is 
gfoaily in excess. In man both are present, the proportion being 
waxiable, bat the tanro-cholate is said to preponderate. 

To separate these acids, bile is evaporated to one fouiih its 
volume^ rubbed to a paste with animal charcoal to remove the pig* 
i mmta , and oorefiilly dried. The black cake is extracted with 
absolate alcohol, which dissolves the bile salts. From the strong 
alcoholic solution idter partial evaporation the bile salts can be pred* 
pitated by ether. They first appear as lui emulsion, and then form 
^^tening crystals wlddi are soluble in water or alcohol, but 
insoluble in ether. 

From the solution of the two salts the ^yco-cholic acid may be 
precipitated by neutral lead acetate, as lead glyco-cholate, from which 
the lead may be removed by sulphuretted hydrogen, and the acid 
precipitated from its alcoholic solution by the addition of water. 
The tanro*cholic acid may be obtained snbseqi^ently by treating with 
basic lead acetate. 

Glyco-cholic acid when boiled •with weak acids, alkalies, or baryta 
water, takes up an atom of water, and splits into cholic acid and 
glydn (amido-acetic acid). (See p. 43.) 

Tauro-cholic acid, tinder simito treatment, splits into chcdic acid 
and taorin (amido-ethyl-sulphonic acid). (See p. 43.) 

Cholic add occum free in^tho intestines, the bile ^ts being split 
up in digestion and tauro-cholic and glyco*cholic acids Be][)arated. 

The nitrogenous cholic add is in a great measure ^^miiiated 
with the fieces, while the taurin^and glycin are re-absorbed into tJio 
blood with many of the other constituents of the bile, and are again 
probably utilised in the economy. 

No traces of these bile acids can be detected in jiormal blooil, and 
there is no accumulation of them in the body after the removal of the 
liver ; hence it has been concluded that they are manufactured in the 
liver. 

II. Mucus. The greater part of the mucus which the bile contains 
Is produced hi the gall bladder, and there added to the bile. Some 
mucus comes firom the mucous glands in the bile-ducts, but unless 
the bile has remained in the gall-bladder there is but an insignificant 
maxmat of mucus present, as is seen when a fistula is made from the 
liepatic ^ct The mucus passes in an unchanged state through the 
lutestiiie,' and is evacuate with the fs^cea 
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IlL The bile pigmeut of man and carnivora is diiefly the reddish 
form called Ultrubin, It is insoluble in water but soluble in chloro- 
form. It can be obtained in rhombic crystals, and is easily converted 
by oxidation into a green pigment, Uliverdin, which is the prin- 
cipal colouring matter in the bile of many animals, and is not 
soluble in chloroform, but readily so in alcohol. Bilirubin is 
supposed to be identical with hamatoidin, a deeply coloured material 
found by Virchow in old extravasations of blood within the body, and 
hence die bile pigment is said to be derived from the colouring 
matter of the blood. Probably the hoomoglobin of some red cor- 
puscles which have beeu broken up iu the spleen is converted into 
bile pigment by the liver. 

Under the influence of decomposition bilirubin undergoes a change, 
taking up water and forming hydro-bilirubin ; this occurs in the 
intestine, and the bUirulgn is thus eliminated as the colouring matter 
of the faces (stcrcobilin), which is probably identical with the 
urobilin of the urine. 

IV. Fatty matters, the principal of which are lecithin (See p. 48), 
palmitin, stearin, oleii^ and their soda soaps. 

V, Cholesterin (CaoH4^0) is an alcohol, and crystallises in 
clear rhombic plates, insoluble in water but held in solution by the 
presence of the bile salts. It can be obtained from gall-stones, the 
pale voiiety of wliich are almost entirely composed of it. The 
cholcst^in leaves the intestine with the faces. 

VL llie inorganic salts are sodium and potassium chloride, calcium 
phosphate, some magnesia, and a consid^ble quantity of iron. 

Tests for Bile , — The most important constituents of the bile, viz., 
the bile ^cids and pigment may Ibe detected by appropriate tests, 
which ai*e of gi’eat })ractical use : — • 

1. PettenkofeFs test for the bile acids : — ^To a fluid containing 
either or both bile acids odd some cane sugar, and then 
slowly drop by drop, strong sulphuric acid. The solutioi^ 
turns to a cherry-red and then changes to a flue purple. As 
other substanccH, such as albuminou^ bodies, give under this 
treatment a similar colour in order to make the reaction a 
trustworthy test for bile salts, the two characteristic hands 
given by the spectroscope should also be obsen^ed. 

The following is said to be a more characteristic test : — 
Rinse out a porcelain capsule successively with the fluid to 
be testeil, then with wealc sulphuqc acid, and finally with a 
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ift^ak «ol»iioii of sugar, then beat to 70° C., when the capenle 
tuiBs ptiiple. 

S» Ghpidiii*8 test for the bile pigments depends upon the fact that 
during the stages of oxidi^on the bilirubin undergoes a 
series dt changes in colour 'which follow the sequence of the 
fianiliar solar spectrum. Place a few drops of the fluid 
to be tested on a white surface (a capsule or plate), and allow 
a drop of nitric acid, yellow with nitrous acid fumes, to 
iim into it ; as they mingle together the rainbow-like play 
of colour appears. This, when watched, will be found to 
consist of a series of changes to green, blue, violet, red, and 
yellow. 

Hie same can be observed by allowing tbe acid to trickle 
gently down the side of a test tul>e ^ed in an inclined 
position so that it cannot be shakes, the play of colour can 
then be seen starting flom the point of junction of the two 
fluids. 


Method of Secretion op Bile. 

The secretion of the liver varies less in the amount formed in a 
given time than that of other digestive glands. Although the 
changes in the rate of its secretion are not so marked, they follow 
the some general rule as those of other glands, i,e., after food^s taken 
there Is a sudden rise, then a gradual fall, followed by a second rise 
in the amount produced, as /s so well seen iiR the case of the pancreas. 
Although hunger is said to check the secretion of bile, it is practically 
continuous as is the activity of all glands w'hose dut]^'* it is to 
eliminate noxious suljstances. 

At the end of a period of fasting, the gall-bladder is alwa^^s found 
gseatly distended, because the secretion has continued to flow into 
receptacle, and there has been no call for its discharge into the 
^HdariLenum. 

The amount of bile produced by dogs is rftuch influenced by the 
diet It is very great when meat alone is consumed, less with vegetable 
diet, end very naall with a diet of pure fat. As a general rule the 
bile is nmie abundantly produced in herbivorous than in carnivorous 

The aeeretioii of bile is also influenced by the amount of blood 
flowing tbe organ. Ligature of tbe hepatic artery causes 

cessation^ the aecretion, and ultimately death, from malnutrition 
of the tism of the liver. 
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These variations in the xate of secretion majr depend on direet 
nervous influence, hut no special secretory nerve mechanism has been 
discovered for the liver, and it is quite possible that the changes in 
the activity of the gland, which accompany the different periods of 
digestion may be accounted for by changes in the intestinal blood 
supply, which give rise to correiqxHiding differences in the amount of 
blo^ flowing through the portal vein. If the vena porta he ligatured* 
an effect con^esponding to the magnitude of the vessel is produced, 
the secretion is arrested and the animal dies ; but it has been said that 
the secretion continues in the peripheral jiart of the lobules. If botli 
the portal vein and the hepatic artery are ligatured the secretion at 
once stops. 

The force with which the bile is secreted is very smalL That is to 
say, the pressure in the ducts never exceeds that of the blood as 
occurs in the salivary glaiids ; but, on the contrary, when a pressure 
of about 16mm. ('63 in.) mercury is attained, the evacuation of the 
bile ceases, and with a little increase of opposing force the fluid in 
the manometer retreats and flnds its way into the blood. The low 
pressure wliich can be jeached in the gaU ducts does not imply any 
want of secretory power on the part of the liver cells, but merely that 
there exists a great facility of communication between the duct 
radicles and the blood vessels most probably through the medium of 
the lymphatics. This is made obvious by experiment, by which it 
can be s^wn that with a comparatively low pressure (200mni. « nearly 
8 in. of water ftjr a guiuea-pig) any fluid can be forced into the 
circulation from the bile duct^ « 

It is observable also in the stoppc^ge of the bile ducts in the human 
subject, vihen some at least of the bile constituents continue to 
be formed, and pass into the WockI, where their presence is 
demonstrate by the yellow colour characteristic of jaundice. The 
ready evacuation of tlie bile is then a matter of great importance 
for liealth, the le^st check to its free exit causing the secretion, 
or as it might be equally well called excretion, to be forced into th0» 
circulating blood instead of into the gall passages. Under nonnal 
circumstances, the large receptacle ^ the gall-bladder being always 
ready to receive the bile ensures its easy exit from the ducts, 
but the forces which cause its flow are extremely weak. The 
smooth muscle in the walls of the duct seem rather for the purpose 
of regulating than aiding the flow. 

When food from the stomach begins to flow into jbe duodenum, 
the muscular coat of the gall-bladder contracts and sends a flow of 
bile into the intestine, which action is ^oubti^ss brought about by a 
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nSex SMMnm impulse! for it is only when this part is stimulated that 
tlm hile flam iteefy from the bladder, and the acid gastric contents 
eaem to he the most eBicadoua stimulus. 

Ill tiie human subject the quantity of bile secreted has been found to 
be aboutflOO ee#(21 oz.) per diem in cases where there were biliary 
flelnlm. This would equal about 13 gnus, per kilo of the body- 

In the guinea-pig and rabbit, it has been estimated to be about 
IhO gnus, per kilo body-weight. 

Fukctions op the Bile. 

L As Excrement — ^Although the great bulk of the bile is re- 
absorbed from the intestinal tract into the blood, and again used in 
the economy, some of its constituents pass yff with the fsoces, and are 
no doubt simply excrementitious matters that must be got rid of. 
Thus all the cholesteiin, mucus, and colouring matter are normally 
eliminated, and a considerable quantity of the bile acids are split up, 
the cholic acid being found in the fasces. 

2. As a stimulant^ the bile is of considerable use, for it excites the 
muscles of the intestine to increased action, and thereby aids in 
absorption and promotes the forward movement of the food, and 
mm particoLurly of those insoluble materials which have to be 
evacuated per antun : this stimulation may amount to mild purging. 

3. Moistening and lubricating , — The bile odds to the ingesta an 
abundant supply of fluid apd mucus, mucb|Of which passes along the 
intestine to moisten and lubricate the fasces and facilitate their 
evacuation. In coses of jaundice, or when the bile is reiV 4 )ved by a 
fistula, the faeces are hard and triable, and with difliculty expelled, 
owing to the deficient fluid and mucus, as well as to the weaker 
peristaltic movements. 

4. As an Antisefdic^ the bile is said to have an ^important function 

perfomL Possibly it restnets the formation of certain of the bye 

pp^ucts, such as the indol resulting from pancreatic digestion, but 
It IS not aseptic, nnce bacteria abound and thrive in the intestine. 

5. Emulsifieaiion of fats, — ^The bile has no doubt some power of 
fjufiniiig an emulsion, but in a far less degree than the secretion of the 
panmas ; however, the mixed secretions are proljably more effica- 
dons than either separately, from the presence of the free fatty adds^ 
which form sofps and aid in forming the emulsion. 

a As maid to absorption,— The bile having some soap in solution 
has a dSie rdatioiiship|o both watery and oily fluids, and possibly on 
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this account, as well as owing to a peculiar power possessed by 
bile salts, a membrane saturated with bile allows an emulsion of M 
to pass through it much more readily than if the same membrane 
w-ere kept moistened witli water. This can be seen experimentally 
with filter-paper. 

7. By neutralid'iig acidity and precipitating peptones , — When the 
acid contents of the stomach are poured into the duodenum and 
meet with a gush of alkaline bile — a copious cheesy precipitate if- 
formed which clings to the w^all of the intestine. This precipitate 
consists partly of acid albumin (parapeptone) and peptones thrown 
down by the strong solution of bile salts, and partly of bile acids, 
the salts of which have been decomposed by the hydrochloric acid of 
the gastric juice. With the bile acids the pepsin is mechanically carried 
down. Thus, immediately on their entrance into the duodenum 
the peptic digestion of gastric contents is suddenly stopped not 
only by the precipitation of the soluble peptones and the shrinking 
of the swollen parapeptone, but also by the removal of the pepsin 
itself from the fluid and the neutralisation of the gastric fluid by the 
alkaine bile. 

By thus checking the action of the gastric ferment the bile prepares 
the chyme for the acti<m of the pancreatic juice. 



CHAPTEE XL 

FUNCTIONS OF THE INTESTINAL MUCOUS MEMBRANE. 

In the Mucohb Membrane of the intestine are found small ^hmds 
of two distinct kinds. The glands of one kind, whidi are commonly 




77.<->lhswiiiaof iraimene section of the doodcsmin idiowiiigr Bra]mer*s Qlaads 
(a) opeoihiff into IJebeiliiUixi’s foUides (l), (v) vilU^ (n) muscuhtf coats. 

called Brunner’s glands, and are localised in the duodenum, are in- 
aigni&&nt in number lyhen compared with the others, lieberkiihn’s 
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glands, which are closely set and distributed over the entire intestinal 
tract in enormous numbers. 

BrimnerS glands form, in some animals, a dense layer in the sub-> 
mucous tissue of the beginning of the duodenum ; they are small 





FSg. 78 — Scctioa of the Mucous Membrane of biiibII i&teetiiie, showing LieborkUhn*'^ 
foUicles (a) with t^dr irregular epithelium and the villi {h) passing (mt of view , 
(0 Husculans muoossD , (</) Submucous tissue, (Cadki) 

branched saccular glands resembling mucous glands in structure. 
Owing to their small size the secretion cannot l)e obtained in suft* 
cieiit quantity to make satisfactoiy experiments in respect to its 
properties. It is said to dissolve albumin and to have a diostatic 
fermentative action, so that probably the secretion is analc^ousta 
that of the pancreas, os Brunner oiiginally supposed. The quantity 
of fluid secreted by these glands is so siu^ that its existen^ is not 
taken into account in speaking of Uie intestinal juice, by umich is 


US MUTUAL OP -fiSg^ltOLOOT. 




I 

s 


I 

‘I 

S 


I 


I 


s 

I 


*T 

fi 


^xmx^t the fluid poured 
out by the innumerable 
short tubes or foUides of 
Lieberkuhn. 

These intestinal iblli* 
cles belong to a very 
simple form of glands 
each one being a single 
straight depression in the 
mucous membrane not 
deep enough to deserve 
the name of a tube. In 
the small intestine they 
are set os closely os the 
^ villi permit. In the laige 
intestine, where the villi 
are absent, they are more 
closely set and are also 
damper (Fig. 78). They are 
iSbh aded by a thin base- 
ment membrane which is 
embraced by a close cajul- 
lary network of blood 
vessels, and are lined by 
a single layer oftylindri- 
^cal or spherical epitlielinl 
cells. 

Tlie epithelial covering 
of the processes known as 
villi which are studded all 
over the mucous mem- 
brane^ of the small intes- 
tine produce some mucus. 

Method oFODTAiNina 
Xhtssxinal Secretion* 
— Considerable difhculty 
has been found in obtain- 
ing tlie proper intestinal 
juice free admixture 
with the secretions of the 
liver and pancreas which 
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are carried along and mixed with it A short portion of the small 
intestine has, however, been successfully isolated from the rest 
without injuring the mesenteiy or its blood-vessels. One of the ex- 
tremities of the isolated portion, was closed, and the other was 
retained by sutures at an opening in the abdominal walL The cut 
ends of the remainder of the intestine were at the same time united, 
so that the continuity of the alimentary tract was preserved. Thus, a 
limited piece of gut formed a cul-de-sac from which the fluid could 
be collected through a fistulous opening. 

Charaotbes of the Secretion. —The fluid obtained from such 
a fistula is a thin opalescent yellowish fluid with a strong alkaline 
reaction and a specific gravity of 1011. It contains some proteid and 
other organic material, a ferment and inorganic salts in which 
sodium carbonate preponderates. 

Mode op Secretion. — ^The secretion flows but slowly from such 
a fistula hut the amount increases during digestion, showing that the 
secretion of the intestiuf is under the control of some nerve centre 
which can call the entire tract into action when one part is stim- 
ulated. Moreover, the local stimulation of the mucous membrane 
makes it red. and causes it to pour out a more abundant secretion. 
Beyond this little is kno^vn of the nervous mechanism or the local 
cell-chat^es which accompany the formation of the secretion. 

Functions op the IniY:stinal Juice.'— All the properties of the 
secretion of the pancreas have been' accorded to the intestinal juice. 
It is said tJB have a ferment, capable ojf being extracted Avith glycerine, 
which can convert cane sugar and starch into grape sugar, and 
bring about lactic fermentation. It dissolves fibrin very slowly and 
still less easily other proteids. It is also said to emulsify fats. 
However, the observations os to its digestive pix)perties are veiy 
discordant, experiments giving opposite results in different 
animals, and in the hands of different persons even in the same 
animal From the foregoing account of the intestinal secretions it 
may be seen that the changes which the vaiious kinds of food 
undergo on their way tlirough this part of the alimentaiy tract are 
numerous ; a short review may therefore he useful : 

When the acid gastric chyme flows into the duodenum a flow of 
bile takes place from the gall-bladder and at the same time the 
secretions of the pancreas, Brunner’s glands, audLieberkuhn’slollicles 
are poured copiously into the intestine. The bile meeting with the 
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taubid inidchjme causes it to change to a soft cheesy granular mass, 
Hhe a{ipeea»nce of wbjeh depends chiefly on the precipitation and 
sluiiik^ the paiap^tone and peptones. The pepsin is rendered 
powerless, both It and the bile i^ts heLog carried down with the 
pieci|fltate. Gastric digestion is thus arrested and the onward flow 
of the fluid diyme checked. As the alkaline pancreatic and intes- 
tinal jnices meet this semi-flnid cheesy mass tlie conversion of starch 
into siigar proceeds rapidly, even the raw starch granules being thus 
changed. The small oil globules come in contact with the alkaline 
mixture of bile and pancreatic jmce. The pancreatic secretion splits 
up some of the iat separating the fatty acid from the glycerine radicle. 
Some of the soda of the bile salt is substituted for the latter, and 
uniting with the fatty acid forms a soap. In such a mixture as this — 
an alkaline fluid with proteid and soap in solution — a flue emulsion 
Is readily formed, as can be seen by adding sodium carbonate to 
some rancid oiL The free acid (the cause of rancidity in the oil) unites 
with some soda to form a soap which in the alkaline mixture enables 
the oil to be converted into an emulsion by even slight agitation, so 
that the pancreas, by setting free fatty acid, and the bUe possibly by 
contributing some soda, aid one another ixf giving rise to a dei^ite 
but small amount of soap. 

The precipitated parapeptone and peptone and the finely divided 
piroteid are presented to the pancreatic juice in a form which it can 
most easily attack, and thus the conversion of proteid into peptones 
goes on rapidly. 

How far the peculiar action of trypsin 02^ proteids, converting tliem 
further into leudn and tyrosii^ goes on in normal digestion is not 
known, but it is probable that production of thes^ bodies ii» 
increased with the over-abnndaiK ingestion of proteid or a purely meat 
diet, and is then useful asa means of preventing the injurious effects 
of too great proteid absorption. 

The gastric chyme is therefore completely changed in tlie duode- 
num, and in the other parts of the small intestines we find in its 
stead a thin creamy fluid which clings to the mucous membrane 
ooals over its folds (valvnlie conniventes) and surrounds the long 
i rilK of the jejunum, This intestinal chyme is the form in 
vriudi the food is presented to the mucous membrane for absolution. 
Itmemblesioinewhat by its whiteness the fluid called chyle which 
flows in the laeteals, and formerly was considered to be identical with 
it This ereamy lining is the chief material found in the upper 
pari of the small intestine, the coarser parts of the food being hurried 
mi hy i^bistaltie action^to the lai|^ intestine. 
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In the large intestine the secretion of the long cloeely-set Lieber* 
kiilm’s follides is the only one of importance. Its reaction and thact 
of the mucous membrane is alkaline^ but the contents of the colon 
is acid owing to certain fermentative changes which go on in this 
part of the intestine. 

Of the changes brought about iu the large intestine by the agency 
of the digestive juices we know bat little. Judging from the large 
size of the coecum and colon in herbivorous animals, we are prompted 
to conclude that vegetable substances, possibly cellulose, may be dis- 
solved here, but we do not know how this is accomplish^ Although 
devoid of villi, the large intestine ean certainly absorb readily such 
materials as are in solution. As the insoluble materials pass along the 
small intestines the supply of fluid is kept up to about the same 
standard, the absorption and secretion being about equal ; but in the 
large intestine, the absorption of the fluid so exceeds the secretion 
in amount that the undigested materials are gradually deprived of 
their fluid, and are converted into soft solid masses wMch pass on to 
be added to the fceces. 

Owing to its absorbent x>ower the large intestine is a ready and 
rapid channel by which^naterials can be introduced into the system 
in cases in whic^ the stomach is too irritable to retain food. 

The quantity of feeces evacuated in the day depends upon the kind 
of diet, being greater with a vegetable than meat diet, averaging about 
150 grammes a day (60-250 gims.). This amount may be greatly in- 
creased % largely partaking of indigestible fonus of food. The more 
rapid the passage of the iqgesta through tlm intestine the greater is the 
amount of fluid remaining with the faeces, so that any stimulant 
to the int^tinal movements reduces the consistence of the fasces and 
facilitates the evacuation. The fsetof depends in a great measure on 
the presence of indol, which is an outcome of pancreatic digestion, and 
also upon the presence of certain volatile fatty acids. The colour 
depends upon the^amoimt of the bUe pigment and the degree of 
change the latter has undergone. 

The faeces are composed of (1) the undigested parts of the food, 
and (2) the useless or injurious parts of the secretions of the 
various glands. In the first category we find perfectly indigestible 
stufls such as yellow elastic tissue, homy structure, portions of hairs 
from animal food, and cellulose woody fibre and spiral vessels from 
plants, and also masses of digestible substances which have been 
swallowed in too large pieces to be tboxougbly acted on by the secre- 
tions. All fonns of food may thus appear in the fteces, but most 
commonly vegetable substances are conspkuj^us. 
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Xa tii« mond categoiy ire fbed a vaaal>le qnaatily of muons and 
llie d0eo»ipoied odouxing matter of the bik, together with some 
ohdio add* eholesteiin, &c. 

A Isw isMSxganic suhkances are founds mainly those which diffuse 
with diffioultyi as calcium salts and ammonio-magnesinm phosphate. 

PinmaFAcasYiB FBBHSHTAtxoKS IK THS Iktbstikb.— W ith the dir 
and saliea whkh are swallowed mixed with the food, laxge numbers 
ef the lower oiganisms existing in them axe introduce into the 
atiineiitaiy canal 

The effsot of these oiganisms is to produce certain fermentatire 
eimiges quite distinct from the action of the special ferments peculiar 
to the digeslaTe duids. 

This k proved by tbe composition of the gases found in the intes- 
tine. AtBioq>heric air only is introduced from without, and this is 
not fotixfed in any part of the alimentary tract, the oxygen soon being 
absoibed and the nitrogen left, while a quantity of carbonic anhydride 
and hydrogen from the fermentation of the sugar are set free, lactic 
and butyric adds being produced at the sam^ time. 

indol and skatol are also formed by putofactive fexmentation of 
the leucin and tyrosin, although this is in a great measure held in 
check by the antiseptic nature of the bile. 

It k in the large intestine that putrefactive fermentations have 
the g r eates t effect, the acid reaction ^ing caused by the vaijous acids 
produced. 

« • 

With n^gaxd to tbe iiiteieBtiB| question, — Wbydo not the digestive 
fluids dissolve the tissues of the oigans in which th^ ar^contained, 
ure cannot speak positively. «We cannot now eay that the "vital 
pdncqde” hw » protective influence, for we know the &ct that a 
tiuine being alive is not sufficient to ward off the digestive action 
of the aliiwaitaiy juices, siuee the limb of a living frog is digested 
when introduced trough a fistula into the stoiWh ai a dog ; and 
uhtn the intestinal juice trickles from a fistula the neighbouring 
•Kbi, the snout, and the tongue of the animal socm become eaten 
n«qr owiqg to its licking the fluid, which rapidly digests these ports 
aeasfiediHtny the skin and even expoee the blood veerols. 

We can however modify John Hunter's statement that the resisting 
fowee «W easodated with the life of tiie structures, by soyiii^ that 
it is not the pn^Mify of an abstiact "vital principle,” but a apeeial 
earistiiig power dhpendcotnpon the apedfic character of the vibd pro- 
ceaaeellf eeatrin texto^ 
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In ofder that the food-stuffs when altered by tiiamfimepiDceeses 
described under digestion, may be of any real use to tha opcmomy, 
tbe nutritiTe materials must be distributed tbronj^ the testnies and 
organs* For this pur|>osi^ they must pass through the Ening mem- 
brane of the alimentary canal, and obtain admission to the blood, 
which is the common mode of intercommunication between the 
various psrie of the body. 

The nutrient part of the food has then to be absorhei out of the 
alimentary canal by t^e snnounding tissues, and mixed with the 
general circulating fluid. 

But the blood is separated from the intestinal contents by a 
barrier, which for it at least is impassable, althoni^ it exerts 
considerable pressure, and therefore tends to burst out from the 
vessels. 

The question then arise%— How does th^elahoxated chyme make its 
way through this barrier, which is^sufBicient to prevent the flow of 
blood inb^e intestinal tract ? 

The general answer is easOy givelk, viz. : — ^the Uood cannot pass 
through an animal membrane. But this is not a eslisfootoiy solution 
of the question, for sometimes, under certain ctinuiailiaices, the 
blood does pass through the wall of the vesseh, and notmally tlie 
plasma escapes frm capillaries into the times^ in order to 
nourish them. We must further remember, iu considering this point, 
that the wall of the vessels and the membrane lining of the in- 
testine axe both made up of Uving cells which are endowed with a 
capability, co«incident with their lives, of controUmg any passage 
through or between them. Some of these cell-guards, which we 
might call secreting agents, do allow, or rather cause a passage of fluid 
from the blood to the intestinal cavity, and, os we shall xireaently 
see, others of them induce a passage of the nutritious materiab 
from the intestinal canal into the surrounding tissues. 

L S 
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lu orte tkitAj to imderstaiid the method by which absorption is 
aicooiapliidied, it is necessary to have some idea of the absorbent 
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vaMls S|» Aovb la the disgnun on the left arm sad leg (s.)« sad the deeper 
<SiSiSlillieiini to the right (o.)' ThegisadsaiehcieaadtheivabovniagroiqMi. 
llw light dnet opens into the reins oo the right side. The thomde duct 
dtrtlisigai fats the vaioa of the fleet fsins of the left ride of the a»dk(T.), 


tgtbm ^meaSlj ; ft bmij 1m well, therefore, at thia place to give a 
lairf aeeiMUt i the cypnatmctioii of the ^edal appaiatoa tMet 
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canies on this function. Although the absorbent ressels form one 
continuous systenii they may be conyeniently divided into two pro- 
vinces, namely, interstitial and surface absorption. A certain modi- 
fication of the latter, called the lacteal «3r8tem,0ociim in the alimentary 
canals and is described under intestinal absorption. 

1. Tid$nUtial Ahsarption. 

The blooi fiowiag through the body in delicate capUlaiy vessels 
yields to the various tissues a kind d ixiigatl^ itream of plasma, 
which, leaving the capillarieB, permeates their substanee sothat every 
texture is eatmnted with nutrient fluid. The surplus of this irriga- 
tion stiecun is collected and carried back to the blood entrent by a 
special set of fine vessels with slender walls, called the lym^ vascular 
system, which act as drains to the tissues, and pour thm contents 
into the veins. 

When the nutrient fluid escapes from the capillaries^ It lies in the 



ESg. Sl.—Oieadoii of MoiiBe*s Tail treated with xiitrate of silTer. showing’ dofte or cell- 
apaoet around the bundles of fibrils as%bite patches. Tliese intesslieeB may be 
sailed the smallest lymph-channels or spaces. (Scbftfer.) 


intersticefs in the ^tissue elements, and here bathes the tissue cells 
which commonly occupy these interstices. (Figs. 81 and 86.) 

Communicating freely with the interstices of the tissues are irre- 
gular anastomosing flattened channels, which convey the lymph or 
any fluid forced between the tissues into vessek with more definite 
walls. These vessels, which are lined with characteristic endothelium, 
fium a more or less dense network of lymphatic capillaries, from which 
spring the tributaries of the lymph vessels. (Figs. 82 and 83.) 

The lymphatic vessels are throughout slender thin- walled channels 
with elm-set valves, usually in pairs, and with frequent anastomoses. 
They lie embedded in the connective tusqe, and when e£pty, aie 
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dlffieolt to i»ee, owing to their extreme delicacy. They converge 
towerde a oentral tcb^ called the thoracic duet, which, paaslng from 
the ahdcmiinal cavity, through the thorax, reaches the left side of 
the nedi^ Ond opexui Into the angle of junction of the two great reliis 
from the head and upper extremi^. (Fig. SO.) On the right side 



Fig. S2.*->Lgiiiiili rt a wnri i from the tlKnucic nde of tiie oentnil of tlio 

of ^ nbbit, tieatod latli (tOvear mtnite. tDio fine liiieo indkote the 
hovadariei of tibo cpdothdfani cells luuag the lymph dumiMdt. The dotit poirt 
diovs the Mete between the lymphetac network \Klein ) 


a smaller tnmk conv^iring the lymph from the idght arm and that 
side of the head, chest, and neck, ojiens into the corresponduig venous 
tntnka. 

The thoraeic duct is much larger than any of the numerous trihu- 
tariii wlikh enter it at close intervals from all directions. 

Its lower ertranity or point of origin is an irregular dilafaticiii 
called the neqptaeuium chyli^ because the lymphatic vessels from the 
stomadL and intestines, or lacteals as they are called, pour their 
contsnti into it The chyle from the intestines thus flows into the 
same nu^ channel as the lymph which is derived fiom the drainage 
of tfaetfaraesond oigaas ef the lower extremity, the trank and left ride 
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of the head and nech and axm ; and the two fluids axe mixed in 
the receptaculum chyli^ and the other parts of the thoracic duct 



Fig. 83.~i$iagzam of a LymiAatle Gland, diowing (a 1 ) alTerent and (f 0 efferent 
lymphatic veae^ ; (( } Cortioal aahatanoe ; (m) Mediillary aubetanoe ; (e) Fffanraa 
coat Bending trabeoulae ((•) into the auhetano^of the gland, where they branch, 
and in the medullary part form a reticninm, uie trabmlie ore sanofimded by 
the lymph path or ainua, which aepafhtei them from the adenoid tianie (IS). 
(Sharfey.) ^ 

Along the 0001*86 of the lymphatic Tessels are numerous small 
bodies called lymphatic glands or follicles^ which are composed of 
masses of a delicate trellis-work of adenoid tissue, packed with 
nucleated protoplasmic cells, called lymph corpuscles, the combinatioii 
making what is known as lymphoid tissue. (Fig. 84 (Ih) and 85 ). 
These masses of cells and their delicate supporting letlculom are 
enclosed in a flbrous case or capsule from which branching trabeenlie 
pass into the gland and separate the masses of lymphoid tissue from 
one another. Through the convex side of the capsule the lymph 
channels enter and pour their contents. The lymph then flows 
through irregular paths, which lie between the lymph follicles next 
to the capsule and trabeculss, and lead to the concavity of the gland 
from which the efferent vessel escapes. 



S%. St.— l^aqtetieKatiraik&oiiibetineDtlielfiiisleOaat* of the InteWnal Wall. 
»Mt fcew el e ant many Taltee,%aBeiiig the nolle to balge. (Chdiat.) 


laigo munW bdng jdaced in the mesNitery, in the comae of the 
istMrtinal lacteals. 

la the anhannoons tissue of the intestine tbeA is much of this 
tissue^ anaaged in numerous small follicles, whidt doubt* 
Im here a similar function to the lymph g^ds found elsewhere. 

IhcK are vaaions modes of origin cd the lymphatic vessels whicli 
an mcM or leas characteristic <d the difleroit p^ in which th^ occur. 

la the ommeetive and allied tissues there are variously formed 
fiaamMa or SFiitB,whkih can be filled with fluid forced into the tiaanea 
bypaetaihtgtlieatdawitbthe lunzle of a fine qning^ such as is 
uaed ftr hypoHianiie iujecti^ 

These fineues oontiin the protoplasmic uidte of the tissne, and 
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1%. 80.-~8eeti(i!i through the central or meduUarypart of a Lymphatic Gland, showing 
adenoid tissae (a) oontaming capillaries [h) and a fibrous txabecnla (e) containing 
an artery. (CadJat.) 



Fig. 8tf.>-€lefts in theComeal Tissae d a Frog treated with nitrate of a&m whkh 

learns the q^aees dear and stains the iutermediafteslrtt^^ Tlisse dells (a) 
and their processes (t) f am the lymph caneliciOar systen^ andatthessnetiM 
are the epaoes in idiich the comeal coipaadee reside. (Kldn.) 
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tsaiifliiiit the oxdinATy ttansudation stKeanH fox nourishing the tissues. 
Hiey finedY uounmtmicate one with another, and lead into the l>^;in- 
nings of network of lymphatio capillaries. 

The lyn^h capillaiks run midway between the blood capillaries^ 



Fig. 87.<— Sodotbelram fxxmx e&cm surface without stomata (nitrate of silver). 

and are made up of a single layer of nucleated endothelial cells, which 
can he brought to light with silver staining. 

In some tissues, such as that of the gentral nervous system, 
the liver and bone, the lymph vessels commence as channels en- 



Ylf . SS^BsMieUlmi from umm cnxfaoe with «t<«iata tiiXKNnM wHb 
gnnnlar fiotqplMttiie Cillf. 

dielim Ae blood vessels, or perivascular lymph spaces, as they are 
Biie the lymph chimels form a kind of sheath for the 
mhmfm UocA vosssl^ tSoA poss along to the connective tissue foiiiQ^ 
th ft advenlilja* 

The Tjm^ vessels may also be said to commence on the snxfiuse of 
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serous luembranes which are intimately connected with the lymphatic 
system, and may indeed be regarded as nothing more than exagge- 
rated lymph spaces. In most parts of the endothelial surfitce of 
serous cavities are a number of so-called stomata, or small apertures 
surrounded by a few cells, which differ from the ordinary endothelial 
cells in every respect, and probably have to control the passage of the 
fluid from the serous cavity into the lymph vessels. These gtomata 
may be regarded as the commencement of the dense network of 
lymph capillaries, wliich lie in the subserous tissue. 

IL Intestinal Absorption* 

The intestinal absorbents are merely a special department of the 
lymphatic system, which, on account of the white chyle they cany 
l^ing seen through their tmnsparent walls, have been called lacteals, 
their function being to take up the nutrient fluid from the intestinal 
cavity, as well as to drain the tissue in 
which they He. In order to fulfil their 
function, they are arrange in a particular 
way, especially adapted to the peculiar 
construction of the mucous membrane 
lining this part of the aHmentary tract, 
which must be briefly described before 
the mec^yinism of absorption can be 
understood. 

The most striking characteristic of the 
lining membrane of the small iut^tinc 
is the existence of villi, which ai'e only 
found in this part of the alimentaiy tfact. 

They consist of nipple-shapeil processes 
projecting into the intestinal cavity so Fig. 89.— Diagiam of zeUtiott 
closely set that the^have the appear.mce , 
of the pile of velvet ; and bein}< just TheiiR>t(>iaumicq>itiMiu 

visible to the naked eye, they give the to b. e an^ 

j j G nocted to the abecobeni 

mucous membrane, when washed and vemel by adenoid tiaeae. 

held under water, a peculiar velvety look. (after Punkc). 

On account of these villi, and also of the 

ring-like folds of mucous membrane in the upper part of the small 
intestine, the extent of surface over which the chyme has to travel ia 
greatly increased. 

The surface of the villi is covered over with a simple layer of 
eolomnar epithelial cells in continuity with.the epithelium^ liniiig 
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tlie lent cf the intestmal tract. The free aur&ce of these cells is 
laailEed hy a clear margin 'nrhich is (KMnposed of a row of minute rods 
doselF isteked together, while the deep-seated end of the cells is 
teMMdiedi and appears to be prolonged into the substance of the 



Tig. 90 .— Section of Xotestiiie of a Bog in which the blood yeaiels (e) and the lactealA 
(d) have been iojeoted. The blind ending or simple loop of the black lacteal is 
aeentobesnnonndedhrtlieoainllaiynetworkof thel^^-vessds. (Cadiat.) 

Tillas and in some way to be connected with the supporting retiform 
tissue. Some of the cells are seen to swell upon the addition of 
certain re-agents, owing to their containing mucus, which gives 
them a peculiar goblet shape ; hence they are called goblet cells. 
Tkeae occur at intervals, and some observers consider that they 
ferm a distinct variety of cells, difeiing from the neighbouring cells 
just as the border cells of the stomach-glands differ the central 
cells. ^ 

l!1ie body of the vSlus is composed of a very delicate kind of 
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oouiieetive tissiie^ fonning a slender frame in whieh a Ixida ^etge- 
like netiroork of blood-vessels suironnds a oential laeteaEl xadide. 
Ilia of this tissue aie filled with pale proto** 

pliwaie eeUsy like those fomed in the lymph. Under thebas^ent 
lambeaiie forming the fonndation of ^e e|dthelium are some nn- 



Fig. as — eedaoa throns^ the Intestinal Wall in the neighbourhood of the grouped 
lymph-foillides (/) (Peyer’s patch), showing the upper narrow (i) and die de^ 
wide (e) lynq[diatic plexuses. 

f 

etsiated muscle cells which embrace the villas and are able to squeeze 
it and empty the vessel it contains. 

The lact^ radicles which lie in the vilb are sometimes double, 
find have a communication with the lymph spaces of the connective 
tissue. They frequently branch as they pass down from the villi to 
zeadi the dense network of lacteal vessels which lies beneath the 
mneous membrane. At irregular intervals throughout the submucous 
tissue are found masses of lymphoid tissue similar to that seen in 
packets within a lymph gland or in other lymph follicles. These 
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are Atiber laolated (solitaxy glands) or collected into groups (agminated 
or Be^er^s gknds)« Though called glands hy anatomists, it should 
be borne in mind that they are in no way connected with the secre- 
tion of any of the intestinal juices, but belong to the absorbing 
anangements of the intestine. Around these solitary and grouped 
lymph follicles are spaces and networks from which the lacteal 
vessels arise (fig. 93). 

Mechanism of Absobftion. 

Formerly absorption was supposed to take place by means of the 
blood-vessels alone, but after the discovery of lymph and chyle vessels 
by Caspar Asellius the belief in the direct absorption by the blood- 
vessels was completely abandoned, and all the work of absorption was 
attributed to the lymphatics. However, ample evidence exists to show 
that substances capable of absorption con make their way into the 
blood-vessels of any part not protected by an impermeable covering 
like the homy layer of the skin, and thus be carried directly to the 
general circulation. The share taken by the blood-vessels in inter- 
stitial absorption in the®tissues is not defined, and when no impedi- 
ment to the lymph-flow exists is piobably veiy small. 

In the absorption from the alimentary tract, however, the blood- 
vessels appear to take a considerable part. 

How far the tissue interspaces and the local lymph-channels, many 
of which^surround the blood-vessels, aid in the passage of substances 
into the blood currents jg not known ; but most likely they have 
some such effect, for the experiments showing direct absorption 
by the blood-vessels leave the local lymph-channels in operation, 
while at me same time the normal fl<Fiv of lymph towards the thoracic 
duct is more or less prevented. 

Any part which has only the protection of a single layer of epithe- 
lial cdls well supplied with superficial blood-vessels has also a supply 
of absorbent vessels, and therefore is capable of absorbing materials 
in solution which are in contact with the surfsce, and large quantities 
of fluids and solutions of various materials are absorbed from the 
stomach and large intestine— partly, no doubt, by means of the 
lacteals or lymphatics, and partly by the minute blood-vessels 
themselves. 

However, the small intestine seems to be the part of the alimentaiy 
tract which is especially adapted for taking up the materials elaborated 
from the food. 

In the upper part of the small intestine ^e valvules ooimivexiteB 
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ite laoslxttttked, «nd the villi eie long and olosely set together^ It 
ia hm wn ^nd the tiudkest layer of creamy chyme covenng the 
mneons membrane, but aeldoxn any maae^ of parley digeshod food* 
jm them pointB, which are directly related to absorption, tend to 
dhow that the upper part of the intestine is the part (Specially adapted 
fer this purpose. The chyme which clings to the mucous membrane 
ocmtaina aH the substances which are destined to pass into the 
economy. Into this mixture the villi dip, so that each villus is 
oompletely bathed with chyme. From what has been said of the 
construction of the villi it is obvious that such an arrangement is 
admirably well adapted to the absorption of the nutrient material, 
which has every faciliiy for making its way into the lacteals and 
Uood-vessels. 

The principal ingredients in the chyme may now be examined in 
detail with reference to their powers of being absorbed. 

Water can be absorbed from the intestinal tract in almost unlimited 
quantity, but not so with solutions of salts. The amount of the 
solution of any salt capable of absorption seems to depend on its 
endosmotic equivalent The lower the endosmotic equivalent the 
more readily the solution passes into the Dlood-vessels, In those 
cases where the equivalent is very high, such as magnesium sulphate, 
tibere is a tendency of the fluid to pass out from the blood-vessels 
into the intestinal cavity ; hence the watery stools caused by this 
and such-like saline purgatives. ^ 

Among the carbo-hydrates we need only take into account the 
stigaxs^ for starch unchanged is but little at all absorbed. Only a 
ceitain quantity of sugar can be |aken up by the intestinal absorbents, 
idnoe some is found in the feces when the amount tak^ with the 
food m^ceeds a certain quantityf Some of the sugar in the intestine 
moreover undergoes fermentation, by which it is converted into 
lactic and butyric acid. How much of the sugar is absorbed as lactic 
and butyric acid has not been determined, but t^e amount of sugar 
fonjid in the portal vessels or lacteals does not at all correspond with 
^ amount that disappears from the cavity of the intestine. 

Ordinary proteids, l^ing colloids, can only pass slowly through an 
animul membrane, Wee they are said to be changed into peptones 
usidmoidinmy eircumstra before they are absorbed. Their absorp- 
tion takes place chiefly in the stomadi, and is completed in the small 
intsatine^ ea only a small quantity of albuminous substances is 
Irand in tiie large intestine even after an excessive meat diet The 
more ooneentisted the solutions of peptones are the more raiddly 
are tbi^ ahserbed, and^the rate of absorption is greatest at first and 
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then by degrees diminishes. The presence of alkali is also said to 
facilitate the absorption of peptones. It is a curious fact that neither 
in the lacteals nor in the portal blood can any quantity of peptone 
be found, even during active proteid digestion ; so that it is impo8> 
sible to trace out their course as peptones, or to say by which set of 
channels they reach the blood. If we assume that all proteids must 
be absorbed as diffusible peptone, we are forced to conclude that 
during their passage from the intestinal cavity they must be recon- 
verted into ordinary proteids. But we know that soluble forms of 
albumin are to some extent diffusible (when a solution of salt is 
used) through a dead animal membrane. But even were this quite 
impossible it would not preclude the possibility of their passing 
through the intestinal wall, which presents no such obstacle, for it 
is a living structure that can overcome such physical difficulties as 
the non-diffusion of colloids. When we know that solid particles 
of fat can enter the lacteals we can have no difficulty in believing 
that a solution of albumin is admitted. We may then conclude 
that it is not only possible, but even probable, that a good deal of 
proteid is absorbed as ordinary soluble albumin. A certain limit to 
proteid absorption exists, so that any albuminous materials above 
the maximum that escape conversion into leucin and tyrosin are 
thrown off with the faeces. 

In the absorption of water, watery solutions of salts, sugars, and 
peptones, there are no physical difficulties to be got over ; so that we 
are in tlte habit of speaking confidently about the mechanism of 
their absorption, although in all probability many circumstances of 
which we are ignorant co-dperate in bringing about the results which 
seem to us so simple. * 

It is Ji8t the same, however, with^the fatty food-stuffs. A small 
quantity of these may no doubt be split up into soluble glycerine 
and fatty acids, which are at once changed into soluble soaps, and in 
this condition are capable of simple osmotic tmnsmissioninto the blood- 
vessels or lacteals. * However, the greater portion of the fat enters 
the lacteals as such in a condition of a fine emulsion, t.e., composed 
of solid particles. This process is difficult to reconcile with our 
physical experiences; for, however finely divided it may be, fat 
emulsified does not pass through an animal membrane more freely 
tlxan ordinar)’^ fluid fat. The fat emulsion is chiefly taken up by the 
villi of the small intestines, as in the stomach it exists only in laige 
fluid masses or globules, and the amount of fat found in the large 
intestine is small, unless used as food in great excess. This can 
also be seen in examining the absorbent vessels after a fati^ meal 
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when those which carry materials from the atomach and large intestine 
are dear and transparent, while those coming from the small intestiiies 
are fiHdl with the white milky fluid which gives them their special 
mune of lacteala There is a limit to the absorbent capacity of the 
intestine for fatty matters, for when a great excess of fat is eaten it 
appears with the excrement, sometimes giving rise to adipose diarrhoea, 
thus showing that the amount has exceeded this limit. 

The important question remains, how does the fat emulsion make 
its wiy through the intestinal mucous membrane? That it really 
does so there can be no sliadow of doubt ; for it disappears &om the 
intestinal cavity, and can be detected in the chyle with the aid of 
the microscope more easily than any other of the intestinal contents 
that are absorbed. 

It has been shown that while a membrane moistened with water 
acts as a complete barrier to a fat emulsion, and only after prolonged 
exposure under high pressure allows traces of fats to pass, the same 
membrane when saturated with bile will without pressure permit 
the passage of a considerable amount of oil. It has therefore been 
suggested that the epithelial cells of the mucous membrane are more 
or less moistened with bile, and the particle! of fat in the emulsion 
are also coated with a film of bile or soap. Thus they are enabled to 
pass into the epithelial cells, in which they can be detected during 
digestion The bile or soapy coating of the fat particles may no 
doubt aid in their transit through the various obstacles on their way 
to the lacteal radicles. But the course taken by the fat particles can 
liaidly be explained in this way, and many circumstances force u«( 
to the belief that the activity of the protoplasm of the epithelial or 
of some special wandering cells iS the real factor in the case. When 
the fat is once scattered througb the protoplasm of the cells^and their 
prolongation into the delicate connective tissue of the villi, then in 
all probability other forces, such as the contraction of the villi, may 
aid in their farther movement to the central lacteal space of the 
viUua 

The exact utility of the marginal bands of rods or pores which 
clunaeterize the surface of the intestinal epithelium is not knovTi, 
thou^ it is supposed to be connected with the absorption of fats. 

We may conclude then that the passage throng the intestinal 
wall of eame of the materials taken as food may possibly be occom* 
plidied by mere phyrical processes, but it is probable that the vital 
activity of the qiithelial cells modifies or controls their absorption. 
The passage of the fat can only be explained by the aid of the direct 
aetivi^of sells which by aroosboid movement take up the fine 
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particles and pass them on to the interstices of the connective tissue 
of the villi. 


Lymph and Chyle. 

As these two fluids are mixed tc^ether in the thoracic duct, whence 
the lymph is commonly obtained for examination, they had better be 
considered at the same time. 

As we should expect, the fluids coming from the tissue drainage, 
from the lymphatic glands, and from the lacteals of the alimentary 
tract form an opaque mixture which holds a considerable quantity of 
proteid in solution, and contains a number of morphological elements, 
viz. : (1), protoplasmic cells similar to those found in the lymph 
follicles, and in most essential points identical with the pale cells found 
in the blood ; (2), some red-blood corpuscles which give the fluid in 
the thoracic duct a pinkish colour ; (3), a quantity of very finely 
divided fat, which varies in proportion to the amount of fat recently 
digested ; (4), other minute particles of unknown function and 
origin. 

When removed from the body and allowed to stand, the lymph 
becomes converted info a soft jelly. This coagulation no doubt 
depends upon the chemical changes in the lymph which give rise to 
fibrin. This subject will be discussed more fully in a future 
chapter. The amount of fibrin formed in the lymph is very small, 
and therefore the clot is very soft, and shrinks considerably. The 
quantity of chyle which can be obtained from the lacteals is also 
small, and therefore the ^orough investigation of it is difficult. The 
fluid from the tissues diners from the mixed lymph in appearance 
and constitution only during digeslion, and then chiefly in contain- 
ing a greater amount of fat and solids derived from the intestinal 
cavity. The lymph of the thoracic duct contains three forms of 
proteid : (1), serum albumin, w^hich can be coagulated by heat ; 
(2), alkali albumin^ jirecipitated by neutralization ; and (3), globulin. 
It also contains in solution soap, cholesterin, grape-sugar, urea, leucin, 
and some salts, particularly s^um chloride, and the sulphates and 
phosphates of the alkalies. 

On their way to enter into the blood-current both the lymph 
and chyle undergo certain changes. Before passing through 
the lymphatic glands the fluid contains much fewer lymph cor- 
puscles than after it has traversed the glands : from this fact and 
from the structure of the lymph glands we may conclude that they 
are the chief sources of these white cells. The chyle of the lacteal 
vessel of the mesentery containa particles of (at which greatlf exceed 
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in eise HKwe found in the thoracic duct, eo we may infer that the fat 
emulaion undergoes a further subdivision or modification on its way 
through the glands. 

The lymph which has been collected from the lymph channels of 
the extremities has been found to contain less albumin than that 
coming from the main trunk, and after long fasting the iymph from 
the thoracic duct has the same characters. 

The lymph contains a considerable quantity of carbonic acid gas, 
about 50 toL per cent, some of which is readily removed by the 
air-pump, and is therefore said to be merely absorbed by the Huid, 
and some of which can only be removed by the addition of acids, 
and is therefore considered to be in chemical combination. Only 
mere traces of oxygen have been found in the lymph. 

The quantity of chyle and lymph poured into the blood varies so 
much that any estimation of tlie amount entering in a given time is 
unreliable. 

The following circumstances upon which the variations may depend 
are instructive : — 

1« The ingestion of liquid and solid food causes a great increase 
in the amount of chyle. This is obvious fi.*om the change 
in the state of the lacteal vessels, which ii’oiii being trans- 
parent and almost empty become widely distended and white. 

2. The activity of any organ causes an increase of lymph to 

flow from it • 

3. Impediment to the return of the venous blood from any 

part increases tb^irrigation, i.e,, Ifie lymph. 

4. Increase of the amount of the pressuie of the blood flowing 

through any part augiqpnts the lymph flow. * 

5. The administration of curare increases the amount of lymph. 

The history of the structural elements or lymph corpuscles, which 
exist in such numbers in the large lymph cbanpels, requires some 
further disenssion, as these cells are composed of active jnotrjplasm, 
and therefore must be destined for some important function, and 
are produced by some vital process. 

lire CKcigiii of the lymph corpuscle is not restricted to any one 
part of iha body or to any special organ. It has been said already 
that the lymphatic glands are supposed to be the most importmit 
source of cells, because the follicular tissue is fllled with 
them, and the lymph contains a much larger jmmher after it has 
passed through some lymph glands. In the l 3 ^phoid tissue of the 
spleen \hey mw also numerous, and no doubt many of them 
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have their origin iu that oigan as well as in the intestinal follicular 
tissue and in the red marrow of the bones. Although their mimber is 
relatively small, lymphatic cells occur in the lymph channels that 
are unconnected with a lymphatic gland, and these cells no doubt 
come ftiam the as we shall ^ contains many cell 

elements!, ifhith. am actually ^ lynaph odQs poamd ijnto it ^m the 
lymphatic duet. I'hcse cells, when they amve at the minute blood- 
vessels sometimes leave the vessels and cve^ by amoeboid movements 
into the interstices of the ' tissue, along with the litigation stream. 
They ma^ permanently abide in the tissue, or they mi^ be washed 
back into the laifget lymph channels witii the stream of surplus 
lymph. When the abnormal increase of activity of a tissue known 
as inflammation, occurs, this escape of the white ceUs from the 
blood takes place with great rapidity, and the stages in the process 
can be watched under the microscope. 

Still another source of the lymph cells may be from proliferation 
of the cells which lie in the tissues. The fixed tissue-cells are said to 
be capable of producing cells identical with lym]di cells, and by divi- 
sion possibly multiply^nd produce tbeir like, which may be carried 
along ly the lymph stream as l3miph cells. 

The enormous number of cells which accumulate as pus when an 
abscess forms are structurally identical with lymph cells, and pro- 
bably arise from these combined sources, viz., esca^ie lit>m the blood- 
vessels gnd proliferation of the tissue cells. 

The lymph cells therefoi^e, whether they have their origin in a 
lymph g^d, the spleen^ or in connecti^ tissue, perform a kind of 
circuit, going with the lymph iii^ the blood, and are distributed 
mth th^^tter to the tissues, whence they may be once more carrietl 
into the lymph stream. • 

MoVEHENt OF THE LTltFll. 

In some of the lower animals small muscular sacs occur in the 
course of the main lymph channels which pump the l^tuph into the 
great veins by contracting rhythmically much in the same way as 
the heart 

In man and the higher animals no such lymph-hearts have been 
found ; the onward movement of the fluid depends chiefly on the 
pressure with which the irrigation stream leaves the blood-vessels. 
The fluid in the blood-vessels, as wo shall pivaently see, is under 
considerable pressure, wliich causes the plasma to leave the capil- 
laries. Hence, if a lymi>hatic trunk be tieil^ there is intensefflUing of 



CHAPTEE XIII. 

THE CONSTITUTION OP THE BLOOD AND BLOOD PLASMA. 

In all animals, excex>t those which fonn the lowest dass (Protozoa), 
the distribution of tbe nutritious materials to the Tarious parts of the 
body, as well as the collection of the effete matters prior to their 
expulsioii, is carried on by the medium of a fluid which circulates 
through the different parts of the body. This fluid is the blood. 

In vertebrate animals the blood X)a88e8 through a closed system of 
elastic pipes and it is kept in constant motion by tlie action of a 
muscular pump. It is first forced through strong-walled branching 
canals called arteries, whose walls gradually become thinner os the 
branches get smaller, and these end in a network of delicate channels 
(capiUoxies), through which it slowly trickles into the wide soft- 
walled veins by means of which it flows gently back again to the 
heart In its course it receives the nutritive materials] ^m the 
stomach and intestines after digestion, the specially elaborated sub- 
stances flrmn the liver, spleen, and lymp|| glands, and the oxygen 
absorbed from the air in the lungp. In sliort, it contains and bears to 
their destinarion all the materials required for the chemic^J changes 
of the various tissues. While piSsnug through the capillary networks 
of the various tissues, it takes up the waste materials resulting from 
the tbsue dianges and bears them to their proper point of exit from 
tlie body ; at the same time the nutriment is alloMQsd to ooze through 
the deli^te vessel walls and be diffused in the tissues. 


General Characteristics of the Blood. 

The blood of vertebrate animals is of a bright scarlet colour when 
exposed to the oxygen of the air, but when not in contact with oxygen 
it is a dark purplish red. 

The blood is remarkably opaque, as may he seen by placing a thin 
layer ona piece of glass overthepage of a book. Tbisopacity depends 
on the Ibet that ^e bipod, as will presently be seen, is not a red 
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Jiuid^ but owes its colour to the presence of solid red p&rticles or 
corpuscles which float in a clear pale fluid. The blood has a peculiar 
smell (halitus) distinct in different animals and man, dependent on 
certain volatile fatty acids. Its specific gravity varies from 1045 
to 1075, the average being 1055. The solid parts (corpusdes) are 
heavier (sp. gr. 1105) than the liquor sanguinis (1027). 

When first shed the blood has a slippery feel, which it soon loses, 
becoming sticky as it passes through the various stages of the process 
of coagulation. 


Amount of Blood in the Body. 

The total amount of blood has been estimated to be from ^ to of the 
body-weight for an adult man, and somewhat less for a new-born child. 

Much difficulty has been found in arriving at an accurate estima- 
tion of the amount of blood in the body. In the first place, all the 
blood cannot be made to flow out of the vessels of an animal when it 
is killed. Secondly, the quantity and quality of blood are constantly 
varying with the capacity of the blood-vessels. Thirdly, when 
slowly withdrawn from the body during life it is rapidly replaced by 
more fluid passing into the blood vessels. This explains the enor- 
mous quantity of blood occasionally reported to be shed in cases of 
bleeding to death. In these cases, as quickly as the blood is lost, fluid 
is absorbed by the fine vessels to replace it, so that if the bleeding he 
gradual the standard quantity is stiU kept up in the vessels. Thus the 
very sudden loss of a edinparatively small quantity of blood may 
cause death, 'whereas, if the bleeding go on sufficiently slowly and 
gradually^ as much or even more in quantity than normally exists in 
the entire body may escape without fatal result, but of course much 
of this is fluid which has recently entered the vessels to replace the 
blood already lost. 

Method.^The per centage of solid matters in the blood 
is first carefully estimated. The absolute quantity of solids in the 
dmwn blood is then ascertained and added to the solids obtained by 
washing out the blood-vessels. Here the error arises from the fact 
that, in washing out the blood-vessels, much solid matter besides that 
belonging to the blood is token from the tissues and thus an excess 
is found. 

Valentin^ $ Method , — small quantity of blood is drawn firom 
a vein and measured and its per centage of solids is accurately esti-* 
mated ; thereupon a known quantity of water is injected |^to the 
vessels. After some time being allowed for proper distribution of the 
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water m aamiAe of l^e dilated Mood is token and its solids esti-> 
™ t ed . The diffezence in solid contents of the two samples shoM^s 
the degree ni dilution eaosed by a known quantity of water intro* 
doeed into Mood of ascertained strength, and thus the amount of the 
fluid diluted (the blood) may be calculated and added to the amount 
of the flist sample of Mood. 

This method cannot give accurate results, because in the time 
necessary for the distribution and mixture of the water with the cir- 
culating blood much of the fonner is excreted by the kidneys and 
skin, and the second sample of blood is more concentrated than 
should result from such dilution. 

IFelcker^s MetJud depends upon the estimation of the colouring 
matter of the blood. He connected the carotid with a small T piece, 
and allowed the animal to bleed into a bottle in which the blood could 
be deflbrinated by shaking with pieces of glass. One cubic centi- 
metre of thisdedbrinated blood was carefully measured off and satur- 
ated with carbon mon-oxide (CO), which gives a permanent and 
equally bright red colour. It was then diluted with 500 c.c. distilled 
water and kept as a standard colour-solutioi^. The blood-vessels of 
the animal were then washed out with • 6 percent, solution of sodium 
chloride until the solution flowing from the jugular vein was colourless. 
The tissues of the animal were then chopped up and steeped in water 
and pressed. The washings of the vessels and the infusion from tlie 
tissues were added together and diluted until they had^the same 
colour-intensity as a layer of the standard solution of the same thick- 
ness. Every 500 c.c. of these diluted washings corresponds to 1 c.c. 
of blood. • 

By this method the following estimates have been made of the 
rriation of the blood to tbe body weight : — 

13 

iV — k 
ft — ft 
^r-ft 
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i.-ft 
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Guinea Py 
Babbit . 
Dog . 

Cat 
^8 
Frog 
Fisb . 


Onlj oppioxiiiiate eetiinateB of the distribution of blood in the body 
dazing life can be made, since there can be no accurate method of 
iavestlgaticB, and die amount varies enormously according as the 
organ or pert is in a state of rest or activity. It is supposed that a 
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quarter of the entire amount is habitually flowing through the heart 
and great vessels, a quarter in the skeletal muscles, ano^er quarter 
in the liver, and in all the other parts only a fourth. 


Physical Construction op the Blood. 

As already stated the blood is not a red fluid. It is seen with the 
microscope to be made up of a clear fluid called pkwnwi or Ixqwir 



95 —Human Blood after death of the elements. The red corpuscles are seen in 
different positions showing their shape, some also ore seen in rolls. Only one 
white cell (w) is seen, misshapen and entangled in fibrm threads. 


mnguinia, which contains* an immense number of little disc-shaped 
bodies called red corimscles and a few colourless protoplasmic cells, 
which are called white corpuscles ; so that the living blood may be 
pliysically tabulated, giving ax)proximately an estimation of the 
relative amounts, thus : — 

C Plasma or Liquor Sanguinis * 


Plasma. 

The fluid part of the blood is of a pale straw colour, when pure and 
free from the colouring matter of the blood corpuscles, and of dightly 
less density than the blood corpuscles, (v. p. 169 ). Except special 
precautions are taken the plasma is altered when removed from the 
blood-vessels and coagulation of the blood takes place, so that under 
ordinary circumstances plasma does not come under observation i 
except when the constitution of the blood is revealed by the micro- 
scojie. It was first separated from the corpuscles by the filtration of 
frog^s blood to which had been added strong syruji, which checks coagu- 
lation and spoils the flexibility of the corjmscles, so that they ai'e 
caught in the meshes of the filter and the clear plasma passes t^ugh. 

To obtain mammalian plasma free from coicpuscles it is necessary 



172 


MAKITAL OF PHTOIOIiOGY* 


to use tome other method, as the small elastic corpuscles easilj run 
threngh tlie meshes of the thickest filter-paper. 

The blood of the horse is chosen because it coagulates more slowly 
than that of most mammals, and delay in the coagulation or post- 
poimment of tlie change in the plasma is the chief object to be 
obtained. To encourage this delay the blood is drawn from a vein 
into a cylinder surrounded with a ixeezing mixture. The cold, how- 
ever, must not be so intense as to absolutely freeze the blood, for the 
wisl^ for subsidence of corpuscles could not go on if the blood 
becomes solid. It is then left quite motionless for 24 hours, after 
which time it will be found that the heavy corpuscles have fallen and 

left a clear super- 



natant fluid, which 
is plasma contain- 
ing some white cells. 
This can be removed 
with a cool pipette 
and passed through 
an ice-cold filter to 
remove the cells, 
then tolerably pure 
plasma is obtained 
which soon cogu- 
lates at the ordinary 
temperature. 

Another method 
of checking coagu- 
lation ^consists of 
letting the blood flow 
into a 25 per cent. 


Wig, 90 of Fibnn Threads aft^ stamina 

Made them visible The network (//) appean to start 
nom gxaaiilar oentros (a) (Banvier } 


solution of mng- 
( nesiom sulphate 
(about three vol- 


umes of blood to one 


ofthesolutionX This, if left in a cool place, will not coagulate, and the 
eoipiiscks will separate by subsidence from the plasma and mlt solu- 
tkn, which forman upper layer of clear fluid. If the salt be removed 


by dialysis or weakened by dilution with water, coagulation eom- 


The coagttlatian of plasma can be seen with the microscope to 
depm^ upon Aeappeanmee of a close feltwork of exquisitely delicate 
finely gtannlar elastic^ fibrils which pervade the entire fluid and cause 
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it to set into a soft jolly. The substance farming the meshes is 
called ^&rm. 

Some time after Uie plasma has gelatinised, the threads of fibrin 
break away from their attachment to the vessel in which the 
coagulum is contained, and owing to their elasticity the general mass 
of fibrin contracts, squeezing out of its meshes clear drops of fluid 
termed senirn. 

The fibrin clot gradually shrinks into unappreciable dimensions, 
and floats in the abundant fluid serum. 

The separation of the serum is accelerated by agitation of the soft 
clot ; and if brisk agitation, such as whipping, be kept up for a few 
minutes the j>la8ma does not form a jelly, but the fibrin firmly adheres 
to the stirring rods and at once contracts around them. 

' Chemical Composition op Plasma. 

On account of the rapid spontaneous formation of fibrin and serum 
when the plasma is removed from the body and allowed to die, the 
exact chemical condition of the liquor sanguinis during life cannot 
be investigated, the separation occurring before the simplest chemical 
method can be carried out. 

We have no reason to suppose that fibrin exists normally in the 
blood, but it would appear that this substance is only formed at the 
moment of coagulation, and is one of the most obvious of many 
changes wliich take place at the time of the death of blood plasma. 

The chemical change cc^prehended under the term coagulation 
occurring when plasma is deprived of its means of ritality, and 
ending in ^le production of fibrin and serum, is naturally of the first 
importance in studying the chemical relationships of living plasma. 
It can best be followed out in the coagulation of plasma when 
separated from the corpuscles, for (although the stages in the coagu- 
lation of blood are Ijic same, tlie appearance of an insoluble albumin 
— fibrin — ^being the one essential in either case), the corpuscles com- 
plicate the process and modify the appearance of the clot. 

Not only is the fibrin not present os such in the living plasma, but 
it requires for its production the presence of other substances which 
either do not exist in the living plasma, or are there so chemically 
associated as not to bring about the change which occurs when the 
plasma is dead. 

The reasons for believing tliis are the following. Fluids whidi 
sometimes collect by a slow process in the serous cavities of the 
body, hydrocele fluid, pleiW effusion, &c., if kept quitd dean 
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do not gottendljundeEgo spontaneouB ooagaktion. If to one of these 
Bcnoe senim from around a blood clot be added, coagulation takes 
l^acejust as in plasma (Buchanan). That is to saj, we have here 
two Snidsi neither of which coagulates when left to itself, but which 
do coagulate when mixed together. From each of these fluids a sub- 
stance can be precipitated hy passing a stream of carbon dioxide 
(00^ through the fluids, l^th precipitates readily re-dissolve in 
weak saline solutionB. 

The solution prepared from the hydrocele fluid causes blood serum 
to coagulate ; that prepared from the blood serum causes the hydro- 
ode fluid to coagulate ; and when mixed together the mixture of the 
two solutions coagulates ; while the serum and hydrocek fluid from 
which the substances have been removed no longer have the power 
of exciting coagulation in each other or in like fluids. Here, then, 
are brought to liglit two matenals : one, which may 1)e obtained in 
considerable quantity from serum after coagulation, is called serum- 
globulin or paraglobulin, the other occuning in serous fluids is 
named fibrinogen. Both of these substances are present in the dying 
idasma of the blood prior to coagulation. They can be obtained both 
together from the plasma (when either o( the precautions already 
mentioned — viz., the application of cold, or the addition of neutral 
salt — has been taken to prevent the fomiation of flbrin) if the 
plasma be treated with sodium chloride to saturation. This pre- 
cipitates a substance which readily dissolves if water be added to 
weaken the salt solution, and after some time the Bolntion'‘undeigoes 
spontaneous coagulation, while the plasq^a from which it has been 
has lost that power. This plamin (Denis) no doubt is made 
of different globulins, chiefly serum-globulin, and flbrinogen, and 
contains in itself all the necessary ^ factors ** of flbrin formation, but 
is not at all identical with flbrin, since it readily dissolves in weak 
saline solutions, like the class of proteids call^ globulins, while 
flbrin is quite insoluble in such solutions. 

In plasma removed from its normal relationships, then, both 
serum-globulin and flbrinogen exi.st ; but the former in far greater 
quantity than the latter, since the serum, after the blood clot is 
formed, eontains no more flbrinogen, while the semm-globnlin or 
paiaj^clHiIin makes up nearly half the entire solids of the remaining 
senum 

In preparing flbrinogen and paraglobulin (or, os he called the latter, 
fiMmphiNn^ Schmidt found that the mote carefully they were made, 
Hm weaker more uncertain their action as fibrin factors became ; 
and fldklly he made solutions which, when added together, did not 
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produce coafi^ilatioii, but which^ when added to less pure solutions^ 
gave good Bnn clots. From this he suspected that a third ageut 
wliich acted as a ferment was necessaiy to put into operation the 
Rbrin-produeing properties of the other two factors. He moi'eover 
succeeded in separating the third agents to which he gave the name of 
fibnn-ferment. By treating blood serum with twenty times its 
volume of strong alcohol and allowing it to stand a month or two^the 
proteids are precipitated and rendered quite insoluble in water, and 
with them the ferment is carried do^m. From the dried and 
powdered precipitate the ferment is extracted with water. This 
solution when added to the mixture of the pure fibrin factors which by 
themselves did not coagulate caused rapid coagulation, but not when 
added to either one or the other of them singly (Schmidt). 

This material seemed to have been influenced by those circumstances 
which affect the activity of ferments in general : it has a minimum, 
0® C., maximum, 80® C., and optimum, 38® C. temperature of activity, 
with various gradations of rapidity of action between each, and it is 
destroyed by a temperature above 80® C. The amount of fibrin-ferment 
only seems to influence the rapidity with which the fibrin is formed, 
not the amount, which lather depends on the quantity of serum- 
globulin (paraglobulin). 

The source of the three fibrin generators is a question of much 
difficulty, and may be discussed nith more profit, together with the 
question of blood coagulation, within and without the vessels, after 
the morpBological elements have been described. 


^ Preparation and Properties op Fibrin. 

Fibrin may be procured either from plasma or blood by whipping 
and then washing the insoluble fibrin with water. When fresh it has a 
pale yellow or whitish colour, a filamentous structure, and is singu- 
larly elastic. It is not soluble in water, weak saline solution, or ether. 
Alcohol makes it shrink by removing its water. When quite dry 
it is brittle and hard, and can be reduced to a powder. It swells in 
1 per cent, hydrochloric acid, and if then wanned is soon conveited 
into acid albumin. 

The amount formed varies very much even in the blood drawn 
from the same animal at the same time, but is always very small 
compared with the size of the blood clot It never reaches as much 
as 1 per cent, commonly varying from 0-1 per cent to 0*3 per cent of 
the entire mass of blooi • 



MANUAL OF PHYSIOLOGY. 


J76 


Serum. 

This same is given to the clear fluid which oozes out of the clot of 
plasms. It only diflers from the latter in its chemical composition 
in 60 &r that flbxin is separated from it. Though chemically this is 
a slight difference it sigi^es the change from a complex living body 
(Uo^ plasma) into a solution of dead albumins, &c. 

Serum is a clear straw-coloured alkaline fluid of 1028 — 1030 sp. gr., 
holding in solution different organic substances and some inorganic 
salts. After a full meal the senim is said to be more or lees milky 
from the presence of finely divided fat. 

^ It contains about 9 per cent of solid matters, of which a large pro- 
portion^ 7 per cent, are proteids. Of these the most abundant is 
(1) serum-albumin (about 4 per cent in man), a solution of which 
becomes opaque at 60^ C., and coagulates at a heat of 73^ — 75° C, 
The proteid next in importance is (2) serum-globulin or paraglobulin 
(about 3 per cent in man), which has already been mentioned. It 
maybe precipitated imperfectly by COj, or completely by magnesium 
sulphate. (3) Serum casein has been obtained from serum by careful 
neutralisation with acetic acid after the reiaoval of the paraglobulin 
by CO,. This is said to be paraglobulin which lias failed to come 
down with the CO,. (4) Neutral fats in a state of fine subdivision 
axe present in a variable quantity ; also (5) lecithin ; (6) traces of 
sugar ; (7) various products of tissue change— kreatine, urea, &c. ; 
and (8) inorganic salts, viz., sodium chloride, about 5 .per cent., 
and so^nm carbonate, which probably existed in the blood as sodium 
hydric carbonate. There is also a small (quantity of potasfium 
cUoride. But it should be remembered that there is about ten times 
more sodium than potassium salts in the serum, and probably in the 
blood plasma. 
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BLOOD CORPUSCLES. 





The relative nxunber of red discs to the colourless cells is said to 
t>e^ on the average, 350 to 1. This is true of the blood drawn from 
the fine vessels by puncture. 

While in the vessels the 
blood must contain a greater 
proportion of the colourless 
cells, for by the ordinary 
method of obtaining blood 
for examination, they dd not 
flow out of the punctured 
capillaries as readily as 
the red discs, and moreover 
many of them become disinte- 
grate veiy shortly after they 
are removed from the circula- 
tion. Although the numlfer of red discs Aormally alters but little, 
the relative number of red to white varies very much on account of 
the constant changes occurring in the number of the white cells, 
which has been found to differ according to the observer, the situa* 
tion, and other circumstances, as shown in the following table^ 
wliich gives the number of red corpuscles to one colourless cell : — 


97.— Human Blood after deatfci el Iho 
elements. The xed oarpneclee am seen in 
different poettiooB ehowina thek diape, 
Bome aim in rolls. Only one white oA 
(h) is seen, minshapen and entangled in 
fibrin threads. 


Observer’s estimate of normal proportion Bed. mite. 

Welcker 335—1 

Molescbott 357—1 


In various parts of the circulation 


Splenic vein 60—1 

Splenic artery 2260 — 1 


Hepatic vein 170—1 

Portal vein ....... 740—1* 


N 
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Ajocovdbg to age or 0 ex Bed« mite, 

Obis 405^1 

V&fB 226-1 

Adult 384—1 

Old age 381—1 

Acooidiiig to general conditions : — 

When fasting 716—1 

Alter meal 347 — 1 

During pregnan<7 281—1 


In a disease of the spleen and lymphatic glands colled Leucoey- 
iliemia there may appear to be nearly as many white cells as re<l 
discs. Her^ howeyer, the red discs are deficient while the colourless 
cells are mnltipUed. 


The White Blood-cells. 

The protoplasmic cells of the blooi^ commonly called the 
udiite corpuscles, differ in no essential respect from the pale 
round cells which are found in most of the tissnes of the body. 
They exist in great nombers in tbe fluid which drains back from 
tissaea into the blood, namely, the lymph, and occupy a 
great part of the lymphatic glands and spleen. They often 
i^oken of as lymphoid cells, leucocytes, or indifferent formative 
edl% on account of theyr being so widely distributed throughout 
Ihe tissues. 

Whmi fresh blood is examined with the microscope the^ cells can 
be semi generally adhering to the glass slide or cover-glass and lying 
tingly, apart ficom the groups of r^ discs. They can be recognised 
by their faintly bluish hue or absence of mariced colour, their finely 
granular structure, spherical shape, and the nuclei which may often 
be recognised near the centre of the celL Though not always visible 
in g^te fitesh pireparatians, the nuclei can be brought to light by the 
aetiim of many reagents— acetic acid. If looked at while being 
moved by tiie blood-current in tbe capillary vessels, they are seen to 
pass dowly along in contact with the vessel wall, while the red 
43orpiisd(es xudi rapidly past them down the centre of the channel 
(frg. 0$)^ TWs may partly be due to their peculiar adhesiveness, 
wh^ also causes them to stick to the glass slide, whilst the red 
dises am washed away when a little stream of saline solution is 
aSUmA to flow und^ the eovei^glass. These cells show all the 
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maaiiestatioiiB of activily (^liamotemtic of independent liTing beti^ 
If kept in a medium suitable to theta^ and at the tempexatuee of 
body, they will be seen soon to alter their appearance ; their out- 
line becomes faint, they 
axe no l<mger j^ericol, 
but very irregular in 
shape, and constantly 
change their form by 
sending out and retract- 
ing delicate processes, by 
means of which they 
change their position, 
so that they may be said 
to perform locomotion. 

These movements are 
rendered more active by 
a slight increase of tem- 
perature, and are checked 
by cold. For continu^ 
observation about 38** 0. 
is the best tem)ierature. 

They respond to many 
other influences, such as 
electricity, &c., even for 
a considerable time after 
removal from the body. 

No doubt they absorb 
fluid nut^^imeut continu- 
ally from the surround- 
ing medium, as is shown hy the effect of poisons on them ; and, 
by the repeated contractions and relaxations of parts of their sub- 
stance in the form pf pseudopodia, they appear to take into the inner 
ports of the protoplasm solid particles, which after some time are 
ejected after the manner of the small unicellular aniinais known as 
amoebee (IV., p. 60). 

While in motion in the circulation none of these amoeboid move- 
ments appear to take place, but when an arrest of the flow of blood 
in the capOlaries occurs they not only change their form, but also 
their p^ition ; and if there bo no onward flow of blood for some 
little time, they creep out of the capillaries, passing through the 
delicate vessel- walls. This emigration of the blood cells is Qpsslbiy 
a common event when a tissue is in need of lemral repaid. Wbm 

K 2 



Fig. 08.— Vessels of tJxe Frog's Web. 

vo) Trunk of veiiit and (b h) its txflnitazies r*— 
across the capUlary network. Die dark q^ots 
are pigment oells. 
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by ttw gwt ri»e of the corpnaeleB, Thoae of the Aniph ii im « 
TridM^ioitoin viiible totlM lutked eye. 



89***’2)iagnia of the rdutive asses at red ooipiuclce of different aaimali. Hie 
meMarementi bddw are in ftmcUooa of an inch. ^ 


1. 

S. 

I. IJebg 
4. 
ft. 



6. Man tI 

tV^ A 

7 . goff 1 

AX* 

S. Hone 

rliXiU 

9. Ooat 

rfir 

10. Xuakdeor .t 


Tfae following measasenionts ane given by Welcker for the htuttan 
4 heB:>^ 

IHflsndor • . . 0*0,077 of a niillimetre>»^th of on inch. 
TUehnets . . . 0*0,019 of a imllimeti!OM>^^th of on incL 
▼ofami • 0*000,000,077 of a cnbic milUtnotre. 

Bniftoe • e . 0*000,128 of a equare millintetre* 

Tho lift inoiiiixci&ent wot^ give about 2,816 square metres for the 
entire h^fiod of an adnlt A suifoce of 11 square me^ is exjposed 
evnryseeosidinlimiiiiigslbrthealH^^ of oxygen/ 
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When circulating in the veaads, or iminediately after xemova], 
the red corpuscles are very soft and ebstic, being bent and altered 
in shape by the slightest pressure, and easily stretched to twice thdr 
diameter. But the moment pressure or traction is removed, they 
return to their normal biconcave disc-shape if the medium in which 
they lie continue of the normal density. (See fig. 97, p. 177.) 

Changes take place in the blood shortly after It is removed from 
the body, which seem to be associated with the loss of function 
(death) of the red discs^ as shown by their rapid desti*action if re- 
introduced into the drcnladon. 

These changes are cheeked by cold, and facilitated by heat, a 
temperature above that of the body causing them to take place 
almost immediately. Associated with the loss of function of Uie discs 
is observed a change accompanied by an apparent increase of adhe- 
siveness, which causes them to stick together, commonly adhering by 
their flat surfaces, so as to form into rolls, like so many coins placed 
side by side. That this adhesion is not a mere physical process, inde- 
pendent of the chemical properties of the corpusdea themselves, seems 
proved by the following facts (1) It does not occur immediately 
when the blood is dritWii, and it disappears after a certain time 
without the addition of re-agents; (2) while the blood is in the 
living vessels under normal conditions there is no adhesion, but it 
soon appears when any standstill in the circulation takes plnce— a? 
in inflammation; (3) it does not occur when saline solutions oiv 
added to^the blood. It seems then to be dependent upon a peculiar 
property of the discs, which only exists for a time coincident with 
the changes tliat accompany the appearaifbe of fibrin. 

The slmpe of the discs changes when the density of the medium in 
which they are suspended is altered. When the density is reduced, 
08 by the addition of water, they swell and become spherical, and 
break up the rouleaux, the colouring matter at the same time be- 
coming dissolved in the medium. (Fig. 100.) When the density 
is increased by slight evaporation, or the addition of salt solution 
about 1 per cent they cease to be concave, and become crmated or 
spiked like the green fruit of the horse-chestnut (Fig. 101.) The 
addition of strong syrup causes the corpuscles to slirivel and assume 
a great variety of peculiar bent or contorted forms. (Fig. 102.) 
Elevation of temperature or repeated electric shocks causes peculhir 
changes in shape, but since the change is associated with the death 
of the element, it cannot be attributed to vital activity comparable 
with that which is eeen in the white cells. 

The discs show no signs of structure under the microscope : they 



If AMOiL or vamawar. 




pofeo^ iNViogaBfitts tmwparent todies of a jmIo otaage colotir, all 
eRpiiik to idemoosttate the luting aieintmmes, foimeiljr snppoeed to 



ffg; 100.— JOeiOMOpie i^peAiaiioe of fhe 
Uood after tho adOition of distflled 
'water. Bed Ootpuaoloi become 
eolonricai or pale, aepaiato, and 
apiierieal. The white are aeen to be 
awoUen round and gnmnlar with 
dear iradkd. 



Fig. 101.— Showing effect of evapo- 
ratten. Six Bed Oorpnaetes ere* 
nated. (w) Wliito cell ohanging 
shape. 


gaztoand them, Itaving failed, llieir behaviour when certain re-' 
agents are added to the blood shows that the corpuscles have two 
cons^tuants : (1) the colouring matter, Oxyhamwglobin ; and (2) the 

^roma. The colouring matter may 
be removed — as above stated, by water 
— fri>m the corpuscle, and then leaves 
a perfectly colourless transparent foun-* 
dation or groundwork, whiclj appears 
to be in some way porous, so as to 
bold the colouring matter in its inters 
Fig. 102.— Bed Ckapnacites, shrivel sticcs. The effect on the naked-eye 

appearance of the blood produced by 
(w) Ooiirascle. wmoval of the colouring matter 

ftom the stroma is to alter the colour and increase the transpa^ 
xency of the fluid. The oxyhsemoglobin now forms a transparent 
daxic~red hkey solution, and the coipuscles, beii^g quite colourless, 
am praerically invisible. This transparency of the fluid does not 
depend on any change in the oxyhsemoglobin, but merely on its being 
disaedved out the discs. This process, which is commonly spoken 
of #• rendering the blood 'Makey,” may be brought about by the 
folIow 22 |g means. (1) The addition of about \ its bulk of distilled 
water, to dissolve the colouring matter out of the stroma, which 
miqr then he rendered obvious by a weak solution of iodine. (2) By 
the adUfllimi <xf ehloroform, ether, neutral alkaline salfa, or alkies. 
(2) Bj pairing repeated strong induction shocks through the blood* 
(4) Bjr lApIdly freeriag ^ thawing the blood several rimes. 


c, ^ JD ^ 
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AH of th>e rmmf tto e««li 

about 60'’ 0. seem to destroy tbe discs, 
and thus remove the colouHng matter. 

CarboUc,boracic, and tannic acids cause 

the colouring matter to coagulate and 
localise itself either at the centfe or 
margin of the corpusel^ (Fi«* 103.) 

The number of discs in the blood of 
man is enormous, namely, in a cubic 
millimetre of blood, about 5 millions 

for males, and 4| millions for females, number 

OP about 250,000 millions for one j ound of blood. The n 
varies much, not only in disease, but also as a result of the many 


Fiff. 108.— Blood Cjrpwcle after 

the odditioa of toimic add. 



j'lg, i 04 .~>Malaase 2 * Apparatus for the Eaumeration of Blood Oorpusdes. 
A. Measuring sad mixmg pipette. »• Flattened aiid ooHhmted capfllw 


physiological processes, such as changes in the amount of plasma, 

brought about by pressure-differences, &C. 

In order to count the corpuscles the following 
The blood is diluted with artiflcial plasma to 100 or 1,000 
volume, and the corpuscles in a portion of the 
measured off by a capillary tube, and counjed. This operation re- 


StO UkxvAi, or rsraioUMjT. 

qpdm iMrt ctM €uid ddkate iqpfw w ite * . One of tbe best- 
kaoim iwflnde is <*** of tiie details wfaidi am as 

MkMft- 

Hood is diawn bito Idie capOlazy tube of a qpedaUy {nqpamd 
dfHiiBli ]^^p0tte (Hg. 104, a) op to a maik which indicates j{b part of 



imunteA t/f the Ovilluy Tube of UUmm# Anantna 

^ ildliloodMid eanunittfidiiiider »inicK>icopeiii«gii^^ 

^Mi0tess Ffovided with aa 


3Pig, l06^Tiie 


tte c^adty of the pipette. This known quantify of blood is then 
washed into the bulb of the ^pette bydmwing up artificial serum to 
fil), titebolb^ where the fluids are mixed bj shaking about the fine 
bead in the bulb. Some of this mixture is then allowed 

to pose into a flattened eapillaiy tube of known capocify fixed ono 
dide^aadtlia svmberof corpnsdes in a given length of this tube at 
tsro yr tbme jdaeca is oorafully counted. The important question, 
bow i w « ffA esjdueim^gkfl^ exists in a given sample of Uood, can be 
(1,1(1 imtniiif b^ d iluting a drop until tiie colour equala that ci a 

otasdaid sqb^ of ioMm stcen^ 


oxYMMmoouoms. 


m 


Chbhxstbt of ths Coz^iTiunro Matter of the Blood. 

Of the chemical eoiietitaente fouiid in the red libod eorpuaclesitiie 
red colouritig matter is by far the most knportant. To it d.oiie the 
blood owes one of its most important fanctions— the respiratory. 

OxylMsmoglobin is a chemical compound of great complexity, and 
of which the per centage eotaposition is given as — 


Carbon 

. 53-85 

Hydrogen 

Nitrogen 

. . 7-^ 

. 16*17 

Oxygen . 

. . 21-84 

Sulphur 

•39 

Iron 

. . *43 


Its rational formula is unknown, but the following has been pro- 
posed as approximate, 0^05 Fe S 3 It is commonly 

regarded as a form of globulin, associated with a coloured materi^ 
containing iron, called Hs&matin. Its chief peculiarities are (1) that 
although it contains a coUoid substance, it crystallises more or less 
readily in all vertebrates when removed from the stroma hf the cor- 
puscles ; (2) the considerable amount of iron it contains (0*4 per 
cent.) ; (3) the remarkable manner in which it is combined with 
oxygen to form an unstable compound ; and (4) the ease with which 
it yields its oxygen to the tissues and takes it hx>m the air. 

The readiness with which the oxyhmmogMnn crystals are formed 
varies much in different animals and under different cii-cumstances, 
as may beween from the following list — 

Most readily — ^guinea pig, rat, mouse. 

Readily— oat, dog, horse, man, ape, rabbit 

With difliculty — sheep, cow, pig. 

Not at all — frog. 

The presence of oxygen causes the crystals to form more rajudly, 
so that a stream of oxygen passed throng a strong solution of 
hsemoglobin causes small crystals of oxyhomoglobin to form. 

The crystals always belong to the rhombic ^stem, being most 
commonly plates (man) 4c.) and prisms (cat), and rarely tetmhadiu 
(guinea pig) and hexagonal plates (squirrel). 

The colour of the crystals and their solution vary aooordyillg 
to the light by whidi they are looked By reffeeted 



XANOMt lOV ISrSlOIiMIT. 


las 

tixy VM Unitb ted or gieeniA in odontt nad by diieet light, 
ac8il«i^> ' 

•nAm^amtum of oncyAmruifflobm crystala is acooraplished by first 
sqialiliQl^ tbe eo!<mring mslter from Ao cofpuselos by freezing, or 

the addition of water or 
etber, and rendering it 
less soltible by evaporation, 
cold, and tbe addition of 
alcohol. 

For microscopic obser- 
vation it generally suffices 
to kill a rat with ether, and 
expose a drop of the blood 
dilated with distilled water 
on a slide until half dried, 

H,. H»mo^ ft«n diffe- 

nai satelttltfBliowinathewwiciiyinfonn o appear in the fluid as it be- 
wysteia—z, guinea pig; a, man; 3, aquixrd. comes moie concentrated. 

The combinations which 
hsemoglobin enters into are numerous, ancll throw much light upon 
the function of the corpuscles. 

As already stated, the colouring matter, vhen exposed to the 
air, combines with oxygen to form a loose chemical compound 
called oxyhsemoglobin. This is the condition in which the colour- 
ing matter of the blood is commonly met with. Although so prone 
to combine with oxygen, ^e oxyheemoglo^in very readily parts with 
some of it. In the circulation it is always united with oxygen, 
normally leaving the lungs in a state of saturation. On its way 
throng the capHlaiies of the tissues, it parts with some of its oxygen, 
becmning more or less reduced (haemoglobin), hut even the most 
venous blood always contains some oxyliaemoglobin. 

The oxygen can be removed by reducing th^ preesure under an 
air pump, or by expo.siug the solution to a mixture of nitrogen and 
hydrogen. Vaiious reducing agents rob the oxybaemoglobin of its 
osxygim ; and if blood or a solution of oxyhsemoglobin be sealed in a 
l^bisi so as to exclude the air, the loose oxygen is taken up by 
some ot Ab other constituents of tlie blood, and the oxyhaemoglobin 
haeomii gradually reduced to hfenmglobin. This depends on the 
puMliiiife dhsciges in the proteids^ and may be prevented by 
casefrd precautions. If the reduced bssmoglobin be shaken 
frir n few moments with air, the bright colour chaiacteristie of oxy- 
hs s m o^ bin soon reappears^ and if the reducing agent be not in- 
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^pui^ ,«r 

, may lie t^ted' 

baawn^ttliii Iftbig thiappi the ehimgee which 
L It tnnotg BOMtt xe^pifijtsoiii* 

tff mUk irivtions is not mere 

tofiWe»2rgea1»ytlieU4nllp1>ttt«4elte chemieal corn* 
Tide h Men t/Hm the fdktwiiig fiMH : — (1.) When the 
piieei||ii|jl|r^^ mfgm deeenoi comBmmj tom the liquid 
in a|#||MenMiw^ Inr whidh gomne the escape of absorbed 
gas Hjrih f. (S.) The two eabstanees give a different result 
whfiitMailuiiil^ the spectresoopea The reduced htemoglobin 
giTM oneiride diftiae betid, whidi Use between the D and £ lines 
of the solar iqieelniai, and much oi A» violet end is cut off* This 
spw^m, whldi is characteristic of xednced htemoglobin, is replaced 
hj two bands when the haemoglobin combines with oxygen — 
one broad band in the gneen near £, and a narrow one, more clearly 
defined, in the yellow doae to the D line ; both bands lie between 
1) and K With strong eolations the spectmm is darkened at either 
extremity, and the two bands become wider and tend to fuse 
Into one. (fi.) Further, the oxygen may be replaced by other sub*' 
stances which unite with the haemoglobin* One of the most im- 
portant of these is carbonic oxide, which forms a much more stable 
compound with haemoglobin than oxygen. It is of a bright cherry- 
red colour, and has two absorption bonds in the spectrum very 
likft those of oxyhaemogiobin ; that in the yellow is, ^ however, 
remmd a greats distance from the J> line towards the violet 

It is this compound w^rii is formed in poisoning with carbonic 
oxide. Tlie CX) occupying the place of the oxygen, thi|B destroys 
tlm fonction of the blood corpuscles. CC)-ha?moglobin may be dis- 
tingnished tom O-haemoglobin by not being r^oed by reagents 
gie^y of oxygen, and by the bright red colour which appears 
wtei 10 per cent solution of caustic soda is ad4ed, and the mixture 
teHed. O-haemoglobin gives a muddy brown colour under the same 
treatment 


DEcoMTCwnsox or ILmooiOBis. 

SM7 eaiSIy Iw bcokeii up into two constitnento— 
boiiIk^) i| ic^Soinlfiai wlMtanM wliicli is nssrly miatsd to the 
disiW|MitaiAi esilsd i^olwliB, siid<()s Usdkbh nd sstorphons 
nwt«iist callsd Mmmatm, whicb omtains all the imi of the luamo- 


MMxm, 


mi 

ThiB change is brought about b^ whatever causes the coagiikti0n 
of albumin, such as the addition of acids, strong alkalies, and heat to 
’ 70 ^ 0 . 

H^atik, &c. 

Hssniatin is a secondary product, being the result of the oxidation 
of a substance called luDemochromogen^ which is the first out- 
come of the decomposition of the hcemoglobin. Hscmochroinogen 
cm only be obtained in an atmosphere of hydrogen or nitro||^, 
as it immediately takes up oxygen to form hssmatisu The 
formula H^o Ng Fe, 0 ,o has been given for hasmatin. It d^ 
solves in weak alkaline and acid solutions, but not in water or in 
alcohol. ^ 

Huimatin is readily prepared by mixing acetic acid with a strong 
solution of hasmoglobin, which becomes a dark brown colour. The 
dark ha3matin can be removed by etber. But if the acid used be 
strong the solution of hminatin is found to be free from iron. This 
iron-free haematin Preyer calls hmmaioin. If now the acid haematin 
solution be saturated with ammonia, the iron again becomes united 
with the haematoin, forming alkali-hcematin. 


H^in. 


Hscmatin unites with hydrochloric acid to form a crystidlizable 
body called hasmin or hydrochlorate of, 
liasmatin (Teichmann’s crystals). 

If bloqd or dry haematin be mixed with 
a smidl quantity of common salt, a drop 
of glacial acetic acid added, and the mixture 
Ixiiied, small characteristic crystals appear 
which have been found to be produced by 
the union of two atoms of hydrochloric 
acid with the haematin. rw^ 

The formation of these crystals is very 
easily accomplished with a small quantity 

of old dried blood ; therefore this substance becomes, in medico-* 
legal inquiries, an important test for blood stains. 

Crystals of a substance called Haematoidiu are formed in old 



bbod-clots retained in the body. It does not contain any iron, and 
has the chemical formula Og. It is probably identical 

with bUirMuy one of the colouring matters found in bile. 


m 


KANUAL OF FHT^<%LOQT. 


Olobin. 

TMi name hm been given by Preyer to the proteid part of the 
hsemi^bin, on account of ita slightly dilfering from globulin, though 
it resembles it in being predpitated by the weakest acids, even 
carbon dioride. 


Ohehistrt of the Stroma. 

The stroma forms only about 10 per cent of the solid parts of the 
corpuscles, the rest being hoemoglobin. The proteid basis of the stroma 
is probably mostly made up of a globulin, also containing lecithin, 
cholesterin and fats in minute proportions. There is little more 
than one-half per cent of inorganic salts in the red-blood corpuscles, 
of which more than half consists of potassium phof^phate and chloride. 

Developmeot op the Red Discs. 

In the early days of the embryo the blood-vessels and corpuscles 
appear to be formed at the same time from the middle layer of the 
blastoderm (mesoblast). They first consist of round, nucleated, colour- 
less cells, which subseciuently become coloured, gradually lose their 
nucleus, and assume the characteristic shape of the red corpuscles, 
the rest of the original mass of protoplasm remaining as a rudi- 
mentary blood-vessel. 

In the later stages of embryonic life the red corpuscles' ai*e said 
to be formed in the liver, possibly out ^of protoplasmic elements 
which are made in the spfeen and thence canied to the liver by the 
portal circulation. 

In the connective tissue of rapidly growing animals — tadpole 
(K(filiker), rabbit (Eanvier), rat (Schafei ; — certain cells can be 
seen to be connected in the form of a capillary network, and within 
the protoplasm of these cells red colouring matter is developed, and 
the particles of colour can soon be recognised as characteristic blood 
corpuscles, arranged in rows within the newly-formed networks. Thus 
isolated small networks of capillaries, consisting of a few meshes 
fiQed with blood corpuscles, are formed independently of the general 
eirenlatum. 

These corpuscles and their hiemoglobin are manufactured by 
isolated protoplasmic elements in the connective tissue, and subse- 
quently added to the general mass of blood by the growth of the 
network briiigiiig it into continuity with the neighbouring vessels. 

In tUb ad^ the foipiation of red blood corpuscles is of course 



Wiiei-lo msi |fici;ee m n0«m 
fb I3i^ imm^ vw^ out, nnA 
jhM^ibbi ^ {>«d9wftli4 cim Auictton* %» fe{»Q«hu^toi eioi, jgxi» 
<»iiifimif a» iiee alte amre Ii«M<HKili^ 

i^mal iMb&eM ik l^amoglobm wSi oovptulcA^ is soost 
ii%9Av^ si Their fl^nt^tion as, howerer, prohsU^ con&tieA s lbr«r 
spdal oi^ii^i^leeta, lirer, red medulla of boues^whm 
ttcsial Ibmis are found in sucli numbers as to point to the 
of red yfspqmsdies being the offspring of the colourless ishose 
protoplasai ^ker manufactures anew or collects the necessi^ hs^UMH 
globinyand flW 1(^ its nucleus and ordinary ceUular eluujseterf 

We can only guess at the iate of the disea^ but th^ are mm^ 
thmgs whioK point to the spleen as the organ in whida thii^ ar^ 
destroyed. In the spleen an enormous number of protoplasmle' 
elements are produced, and the blood comes into relationdiip il!lf<M|i 
the nascent cells in a way unknown in any othBr part of the bodjji^* 
Further, various unusual elements, some like altered red corpuscles,^ 
others like white cells enveloping haemoglobin, are found i% thlt 
organ. 

The blood corpuscles on coming to the spleen are posdbly sub- 
mitted to a kind of preliminary test of general fitness, some elements 
of the spleen pulp having the faculty of examining thdr condilhm. 
and deciding upon their fate. Many, no doubt, pass the trial without 
any chang^ being found in good working order. Others that axe 
found towly un^ are broken up, and their effete hssmogdobiti 
carried to the liver to be el|punated as bile pigment. Some possibly 
undergo a form of repair, a white cell taking charge of a weakly 
disc renew^its stroma, adds to its haemoglobin, and carries it throng 
the ffDtfd proof in the liver, where it is chenucally refiredied befim 
going to the lungs for the load of oxygen which it has to caxty 
to the systemic capillaries. 

Tub Gases of ran Blood. 

These are present in two conditions : is. (1) dissolved in it In 
accordance with well-established physical law^* and (2) diamically 

* X. A gim Uquid alMK»l» tfao stale poimm at a gitea gat jaS^peadeat at Urn 
pro tfB ge easRilttd hff that gat. 

IXt Tb«se^4li0«inmiatS^iHr5^ gatidbeoi^d l^aUuskdeiMaid^ 

aBIAllnK& iXF A fll4lUMlBMlMlSliaMieA mP ta MaM AM AbM * — Iti MaaiiMHiriJ 

W^ipPtw m EglVIlpOnfUlli $• lipppw 


ifRMihb Atoy m 6md to about 60 voltuues fbr eray 

amoimt dT oicyg^u in tbe blood is loimd to vary 
UW K8 i vdtb dnaiiosta^ In arterial blood the qiiaut% ia much 
WHO eauatau^ aud idvays exceeds that in venous Uood. It is 
aathnat^ (at 0^ 0« and 760 mm. pressure) that every 100 volumes 
Of arCirial Mood ykM 20 volumes of oxygen, whilst the volume of 
of oxygen in venous blood varies from 8 to 12 per cent 

Ifhe oxygen which comes off in the Torricellian vacuum exists 
in I0ie bb^ in two distinct states (1) a veiy small quantity 
ahnply abaorbed,-*-abont as much as water absorbs under atmos- 
pressitre ; (2) chemically combmed, in which state nearly all 
the orfgmi exists, and forms with the hmmoglobm a loose combina- 
Hem OaSM cn^hs^oglobin. This oxygen therefore does not follow 
Hue laws of absorption by leaving the blood m proportion as the 
pnsamre is reduced, but at a certain point of reduction of pressure 
^ mm. mercury) the oxygen comes ofi almost completely. 

CbHhm Dioddie (00,). — ^The amount of carbon dioxide also 
varies more in venous than in arterial blood, for under certain cir* 
eumstaliiies (suffocation) ,it may rise to qver 60 volumes per cent., 
alfliiHigh mdinaiy venous blood on an average contains only 40 
vMumee in every 100. On the other hand, the amount pf this gas 
in atleiial blood varies little from 39 volumes per cent 
The laiger proportion of ce^bon dioxide exists in the plasma, Where 
Happem to be chemically combined with soda salts 
N4tr€ffen,-^Tbo amount of nitrogen does not yary much, being in 
Mh vmious and arterial blood about 1*5 volume per cent, and it 
liMlIliq^pea^ be simply absorbed. 
lllH^AliiiardotaiUab^ti^ venous blood, ue Bespiration* 


CHAPTEE XV. 

COAOUXiATION 07 THE BWW. 

Is speaJcmg of the chemical relationship of the plastitia (see p. 173), 
the formation of fibrin has been mentioned as the essential item in 
coagulation^ and the relation of fibrin to its probable precursors has 
been discussed. If the points there explained be borne in mind; aod 
the presence of the corpuscles be taken into account, the various 
characteristics of the clot which forms when blood is shed into a 
vessel can be easily understood, and should require no farther 
description. The great importance of the coagulation of the blood 
in pathological procclbes makes it expedient, however, to consider 
more closely the steps of the process as well as the various eircum* 
stances under which it occurs after its removal, as well as in the 
living vessels. 

Before the formation of a perfect clot, blood may be seen alter it 
is shedfto pass through three stages ; 1, viscous ; 2, gelatinous ; 3, 
Uontraotion of clot and separation of scrum. 

The first stage is ve^ short and in fiiin layers of blood passes 
itnmediatdiy into the second. With considerable quantities of blood, 
containSl in deep vessels the central parts take some little time to 
turn into a firm jelly, so that the completion of the second stage may 
occupy from one to thirty minutes. 

After from ten to fifteen hours the thiid stage begins ; dear drops 
id serum appear albout the dot which contracts until it forms but a 
comparatively small mass floating in the serum. If the jelly*like 
dot be disturbed, the serous fluid makes its appeaxanoe much sooner 
than the time just stated. 

During the formation of the dot under ordinary circumstances the 
corpses are entangled in the meshwork of fibrin, so lhat iha 
gdatlnous mass has throughout a dark red odour. 

If the coagulation takes pliiis shsifHf ^ it does in very eoM 
ireather, in hotses* blood, or in human blood if removed fireata 
a person during &ver«-^th^ the heavier red corposofts Imve 
ttes to subside to the lovrer layem d the clotting plas^ wh^ 
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HANITAL OF FHYSIOLOOy. 


white cells caught iu the meshes of the Ebrin and remain in 
the upper layer of the clot, which then has the pale colour familiar 
to the phymcian in the old days of bleeding as the ‘‘ bufly coat,’* or 
ermta pMogisHca. This butfy coat contains a greater proportion 

of the elastic fibrin 



and soft wliite cells 
than the rest of the 
clot, and encloses 
but few red cor- 
puscles, therefore 
the fibrin can con- 
tract more com- 
pletely in this upper 
layer than in the 
deeper part of the 
clot, which includes 
the red corpuscles. 
The eflect of this is, 
that the upper sur- 
face becomes con- 
cave, and a “cupped” 
clot is formed. The 
contraction of the 


Ftg:. 309. — Bcticulom of Fibiin Threads after ataininf? hac< 
made them visible. The network (hj appears to start 
fromgnuiiilar oentree (a). (Ituivier.} t 


clot proceeds for 
days, and in order 
to see the characters 


described above the 


blood should be kept in a cool place and j)prfectly mo^^ionless. 
The contraction of the fibrin and sepanition of the serum can be 


made to take place much more quickly by gentle agitation causing the 
ends of the fibrin threads to separate from the sides of the vessel, but 


by thus disturbing the clot, during its formation, the corpuscles are 
displaced and escape into the serum, whicli is thus stained and 
cannot be seen in its clear transparent state. 

If brisk agitation wdth a glass rod — or better, a bundle of twigs — 
1)6 comntenced the moment the blood is drawn, the fibrin is formed 


more rapidly, but the corpuscles are not entangled in its meshes, for 
as quickly as the elastic threads are formed they adhere firmly to the 
rod or twigs. Thus the fibrin is formed very rajudly, and the 
ordinary blood-clot, consisting of fibrin and the corpuscles, does not 
appear, for the fibrin is separated from the latter during the coagu* 
lation. We then liave %liat is commonly spoken of as “ defibri- 
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nated blood,’* which does not give a clot. Not that the clotting has 
been prevented, but the material essential for the formation of a clot 
has been removed as <imckly as formed, and instead of catching the 
corpuscles iu the meshes of its delicate fibrils to form the clot in the 
ordinary way, the stringy shreds of fibrin cling around the beating- 
rod as a jagged mass. The following tables show the relation of 
the different constituents of coagulated and defibrinated blood re- 
spectively : — 


Living Blood = 


Living Blood== 


j Plasma \ _ 
I Corimscles \ 


i Plasma ) _ 
\ (corpuscles f 


Serum (appearing as clear fiuid). 

Fibrin (removed on the rod). 
Serum ) =Defibrinated 
Corpuscles I blood. 


Many circumshinces influence the rapidity with which a blood clot 
is formed. Sjiealving generally, the removal of the blood from its 
normal supply of nntriticm and from the opportunity of preserving 
the necessary e(piilibriuiu of chemical interchange between the 
corpuscles, the ]>lasma, and the tissues — in short, circumstances which 
tend to injure the corpuscles or the plasma, and promote the changes 
resulting iu their death — must hasten coagulation ; while, on the 
otlier hand, the conditions which protect the corpuscles and impede 
the sieges in lihriu formation must retiird c(;agiihition. 

These may he arranged categorically, viz. 

• • 

A. Circumstances promoting coagulation : — 

iT Contact with foreign bodies is of the first importance in hasten- 
ing coagulation. The greiiter the surface of contact with 
the vesst‘1 or the air, the more the corpuscles are exposed to 
injury, an<l the more nipid are the destructive chemical 
changes inducing fihrin formation. Thus a di*op or two 
of hlood falling on any surface so as to spread out in a thin 
layer clots almost instantly. 

2. Motion, hy renewing the points of contact between the blood 

and the moving agent hastens coagulation. Thus, by 
wliij)ping fresh blood, all the fibrin can be removed in a few 
minutes, and the defibrinated blood left without a dot 

3. Moderate Jieat The ibnnation c»f the fibrin generators and the 

action of the fennent seem to go on more rapidly at 38*^ 
— 40® 0. than any other temx)eratiire. • 
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4. A imterif condition of fhe blood causes rapid coaguktioii but 

a 8c^ clot Tills is seen in repeated bleedings or 
bssmorrbages ; the blood which flows last clots first 

5. The addition of a sumll qumJtiiy of water by setting up rapid 

changes in the coipuscles accelerates coagulation. 

6. A m%yply of — Oxygen is used up in the chemical 

changes attendant upon the death of the bloody and its pre> 
sence aids the formation of firm clots, such as are produced 
in arterial blood. Exposure to the air in a shallow vessel 
facilitates eoagulatioii, partly by extensive contact and i^irtly 
by a free supply of oxygen. But exposure to air is not 
necessary, for blood collected in mercury, without ever 
coming in contact with the air, coagulates veiy rapidl}". 

B. Circumstances which retard coagulation ; — 

1. Constantly renewed and close inter-relationship with the 

Iming of healthy blood-vessels alone affords the requirements 
essential for the preservation of the living corpuscles and 
plasma in their normal condition. 

2. T^^en the blood is surrounded by heal Ay living tissues inter- 

changes may occur between tlieni, and if the oxygen supply 
is deficient, coagulation is much dela^'ed. Thus considerable 
quantities of blood effused into the tissues may be liquid 
and black for many days after its escajHi from the vessels. 
This dark blood clots on removal and exi)osure tc* the air. 

3. Low temperature, — TJie rate of coagqjation decreiises with a 

temperture below 38® C., and the process is checke<l at 0® C. 

4. A great guantity of water seems to render the action of the 

fibrin ^tois weak. 

5. The addition of egg aUmmin, syrnp or glycerine, retards the 

process. 

6. The addition of concentmted solutions of neptral salts (about 

three volumes of 30 per cent, solution of magnesium siiljihate) 
quite prevents coagulation. 

7. The addition of small quantities of alkalies. 

8^ The addition of acetic acid until very slight acid reaction i« 
obtained. 

0. Increase in the amount of carbon dioxide. Tliis, together 
wifli the want of oxygen, explains why venous blood clots 
more dowly and loosely than arterial, and why the blood in 
the listended right side of the heart is commonly liquid 
after death firom suffocation. 
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10* Tlie blood of persona suffering from inflammatory disease 
coagulates slowly, but forms a very firm clot. 

Since tlie blood cotigulates spontaneously when removed from the 
body, tlie question now arises, how does it remain fluid in the blood- 
vessels ? 

Though tliis question has long occupied much attention, it is still 
difficult to formulate a definite answer. Nor can we expect to find 
any adequate explanation until we are better acqmdnted with the exact 
details of the origin of the fibrin generators. It must be remembered 
that the blood should be regarded ns a tissue, made up of living con- 
stituents requiring constant assimihition and elimination for the 
maintenance of its perfectly normal conditions and life. One can 
confidently say that coagulation is the outcome of certain chemical 
changes concomitant with the death of this tissue, and tliat while 
the tissue lives no 8\ich changes take place. But such an answer 
a<ld8 little to our knowledge of the matter. 

Since constant chemical intercourhe must be kex)t up between the 
blood and its surroundings in order to sustain the comJ)lex chemical 
integidty essential for ifs life, we cannot be surprised that its waste 
materials accumulate, and that it soon dies when shed, just as otlier 
tissues do when deprived of their means of support Tlie fonnation 
of a solid and the separation of a liquhl foim of i>roteid is in no w^ay 
unusual^as a first step in the decline from exalted chemical construc- 
tion, for similar changes occur in other tissues, and in protoplasm 
itself. The soft contractile suh^tiuice of muscle, probably duidng its 
contraction, and certainly at its death, tends to undergo almost exactly 
the sam^kiiid of change jis the blood in coagulation. 

If we knew accurately the nutritive pix>cess taking place in the blood 
itself, and with whicli of its sunxiundiiigs it keej>s up chemical inter- 
change, the answer ■would be much siniplifietl. But we have in tlie 
blood three elements that probably have difterent imxles of assimila- 
tion and elimination, viz., ])lasma, white cells, and red discs. But 
vre luuctically know nothing of the changes they undei'go during 
their nutrition ; or whether their tissue changes liave any necessary 
relation to those of the iieighliouring tissues. AVe do know, however, 
that there exists some very intimate relation between tlie membnme 
lining the vessel walls and the contained blood. They seem to re- 
quire frequently repeated contact one with the otlier in order that 
the normal condition of both may be maintained in jierfect, vital, 
integrity. Thus fresh sujiplies of blood are required by the vessel 
wall, for when deprived of its nutriment 8toi)page of the blood- 
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flo^, it soon iose9 its power of retaining the blood, and admits of 
extravasation ; and renewed contact with the vessel wall is equally 
neoessaxy for the blood, for the cells congregate, and the plasma, 
vrben the stasis becomes injurious to the iiitima, coagulates. Pro- 
bably the chemical changes going on in the one are useful for tlie 
nutrition of the other, and that they mutually sup^dy one another 
with some material essential for their life. Tliis is apparent in those 
cases where coagulation takes place during life in the vessels. It 
never occuis so long as the intima of the vessel is perfect, and the 
blood-flow constant, but It follows lesion of this delicate membrane, 
whether caused by injury or by mal-niitiition. 

The gradual occurrence of this impnirinent of function of the 
intima can l)e watched under the microscope in the small vessels of a 
tran8|)arent part during the initial stage s of inflammation. Oudng 
to the arrest of the flow of blood, the walls of tlie small vessels suffer 
from defective nutrition, and may be seen to allow some elements to 
escape, while the discs adhere together and the blood coagulates. 

In the larger vessels the same thing occurs when inflammation of 
their lining membrane destroys its capability of keeping up the 
necessary nutritive equilibrium. Thus clots !onn on the inner lining 
to the walls of an inflamed vein, often growing so Jis to fill tlie entire 
vessel, and give rise to a condition called (hronihosis. 

On the left valves of the heart and in the arteries, %vhere the 
delicate intima is subjected to great mechanical strain, it is 
common enough to find slight injuries of it covered over with thin 
clots. To the surgeon this mutiuil nutrition of intiiiui and blotnl is 
of tlie utmost imjKirtance tn studying tlie occlusion of ve.ssels, for it 
is upon this fact he has mainly to depend for the stoppage' of haemor- 
rhage from a wounded artery. A tightly-tied ligature either injures 
the inner coats mechanically, or starves tlie intima by checking tlie 
flow of blood through the vessel up to the next branch, and that 
portion of the vessel is filled witli sbitionary blood, which sotm clots 
and forms an adherent plug. But if the ligatuie be applied too loosely, 
a slight blood cuirent passt's through the ])oint w’heie the Vi*88el is 
tiedf and this suffices for the nutrition of the intima by tlie renewal 
of the blood’s contact, so that no clot is foniied, the vessel is not 
closed, and most probably when the ligature has cut through the 
outer coat, secondaiy haemorrhage occurs. 

It has also been shown that if any foreign substance, such as a 
thread, be introduced into the blood while circulating, a coaguluni 
will form around it From this it would ap]>ear that the jiresence 
of a substance which ca^ot coriy on the necessary chemical inter- 
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course with the hloocl will excite irritation in its elements, and so 
effect slight local death of the plasma and the production of fibrin. 

The time required for the production of intravascular coagulation 
as a result of mere stasis is happily long, for it has been found that 
the blood current maybe stopped in a limb,byx)ressure or otherwise, 
for many hours without coagulation occurring. Indeed, cases have 
occurred where a tight bandage has stopped the circulation for an 
entire day without coagulation taking place. This is explained by 
the fact that so long as the intima lives, the blood remains fluid ; in 
sliort, the tissues die before the blood clots in the vessels. 

The tissues continue to live for some time after an animal is dead, 
and so we see the blood remains fluid in the vessels a long time after 
death ; in fact, as long as the vessel 'wall can nourish itself and live. 
Thus it has been shown that the blood in a horse's jugular vein 
sepamted by ligature from the circulation, and removed from the 
animal, will remain fluid for fully twenty-four houi*s. 

In culd-blooded animals the tissues live for even a longer time. 
The heart of the tortoise, if kei>t under suitable conditions, will 
luiat for two days when removed from the body, and, as Brucke has 
shown, blood contained ni it will remain fluid until after the heart is 
dead. 

If the details of fibrin fonnation be followed 'within the blood- 
vessels, it is found that the injiirt‘d spot or foreign Ixaly first hecomes 
covei-ed over with white corpuscles, around which threads of fibrin 
appear attached to the rough surfiice. As m( »re fibrin is formed and the 
layer thickens, only a few^elLs can be seen in its meshes, hut a great 
number always exist on the surface of the new fibrin, forming a layer 
between and the blood. It is, moreover, remaiked that coagulation 
has some relation to the ahundam e of white cells in all s]>ontaneously 
coagulating fluids. The more cells, the firmer the t*lot. In patho- 
logical exudations also, and tln^se acute serous collections which co- 
agulate on removal from the body, fine gmmilar thivads of fibrin 
seem to start from the white cells, and nidiate from them in a stellate 
maimer. 

Alex. Schmidt believes that a great number of white blood cells 
undergo chemical disintegration the instant tlic blood is slied, and 
he considers that the fibrin ferment, and pi*ohal)ly other fibrin gene- 
rators, are the revsult of tlie destruction of these weak cells ; and he 
excludes the red coqmscles from taking any share in the process. 

However, there is good evi«lence that the plasma and the discs can 
give rise to all the fibrin factors, and we know that in tlie circuktiou 
white cells must be destroyed and yet cause 141 coagulation. 
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if some blood be allowed to flow into a fine capillary 
tube, ibe white cells can be seen to move away from the red discs, 
and the formation of the clot— a delicate fibrin network enclosing 
the disGs^may be watched. Here the white cells exhibit manifesta- 
tions of life for a considerable time after the clot has been formed, 
and their death could not have been the source of the fibrin factors. 

In conclusion, then, we can only suppose that as in other tissues 
some chemical clianges must go on in the elements of the blood. 
These changes give rise to new products wliicli may produce fibrin, 
and hence cause coagulation. But so long as the elements of the 
blood are frecjuentl}*' brought into close relationship with a healthy 
vessel wall, the fibrin factors are either produced in such small 
quantify as to be ineffectual, or they are altered, destroyed, or taken 
up by the intima and possibly utilised for its nutrition. When the 
blood is removed from the vessels, the production of the fibrin factors 
proceeds effectually, either on account of tin* blood elements under- 
going destructive cbanges, and accumulating the products— fibrin 
generators ; or caving to the impossibility of re-integration, the fibrin 
factors suddenly appear as a product of lethal chemical change or de- 
composition. ® 

In accepting the fiist view, wc only ad<»pt the theory of John 
Hunter, who thought coagulation was an act of life. If we adopt 
the other view’, we must needs say it is an act of death. But, after 
all, this is a mei’e difference in degree, for Imw can we distinguiidi 
between the failuiv of a tissue to le-integrate or rejiair fts normal 
chemical changes upon w'hich its life d^Kinds, and tlie inevitable 
result of this failure (if prolonged l>eyond a certain point) namely, 
its death ? 

When white cells congregate at a point from which the intima is 
stripped from a vessel, their moie active exertion possibly produces 
more fenuent, &c., and at the same time they remain at the injured 
part of the vessel w all, and the removal of the fibiin factors cannot 
occur, since the intima is destroyed ; hence, local clots are formed 
which extend over the injured surface, and by a ]>rocess of organisa- 
tion, probably the lepair of the denuded jmtch can be accom]>lished. 
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The course taken hy the blood on its way to the vaidous ports of 
the body is called the circulation, on account of its having to make 
repeatedly the circuit of vessels leading from and to the heart The 
heart is the great motor power which drives the blood through all 
the vessels, of which there is one set leading from and to the organs 
of tlie system generally, and another set leading to and from the lungs. 

Anatomists speak of two circulations — the greater or systemic, and 
the lesser or pulmonar 3 ^ However, if we follow the course of the 
blood, ive see that both these sets of vessels really belong to the one 
circulation, and in fact form but one circuit. The blood passing 
til rough the lungs and systemic vessels consecutively visits the heart 
twice on its waj", in order tp acquire the force necessary to overcome 
the resistance of the two sets of capillaries. Although in all the 
higher animals the heart forms but u single organ, it iiractically 
is composed of two muscular 
pumps which are anatomicidly 
united but distinct in function. 

In its course round the circula- 
tion the blood visits each of tl^se 
functionally distinct hearts at 
quite differed, parts of its circuit. 

The right heait is placed before 
the pulmonary vessels and immps 
the blood through the lungs. The 
left heart is placed before the 
systemic vessels and pumps the 
blood through the bodygcuerally. 

Thus anatomically there ajipear 
to be two circulations and but one heart ; physiologically there is 
one circulation and two hearts ; or two iK>ints of resistimce and two 
distinct x>umping organs to drive the blood through the obstacles. 

The ciieulation might then be represented by a simple diagiem (Fig. 
110) in which the direction of the current is indicated by the arrows. 
L. H. shows the position of the left or systemic pump, and S. the 
ance in the systemic vessels. R. H, represents the pulmonary pomp 


R.H. 



L.H. 


Fig nO.—Biagram of Oiiculation, ethoinrixifr 
light (n.ii.) find left (l.h.) heartfs tend 
the pnlinonory [v) and ey^mic (r) aeto 
of eapillarics. 
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and P* the second obstacle in the circuit, viz., the vessels of the 
Iniigs, 

However, it must be remembered that the right and left pumping 
organs are fused into one viscus, which has two distinct and separate 
channels for the passage of tlie blood through it. In each system of 
blood vessels we have the same general arrangement for the distri- 
bution and re-collection of the blood. 

In passing from either the right or left side of the heart the*blot)d 
flows into tubes called arteries, which divide and subdivide until 
the branches become inicroscojncid in size. From the very minute* 

arteries the blood passes 
into the ctipillaries, wliich 
cannot be said to bmnch 
but are arranged so as to 
form a network of delicate 
till >08 with more or Ichs 
close meshes, accoiding to 
the part. 

Connected with the 
meshes of the capillaries 
are other small vessels 
which collect the blood 
from the networks (fig. 111). 
These unite one witli an- 
other to form laiger vessels 
which again ai'e but the 
tributaiies of the larger 
veins which bear the blood 
back to the heart. 

About three hundred 
years ago the true course 
of the bhxHl current through the systemic and pulmonary lieiut, 
arteries and veins, so as to form one circle, was demonstrated by 
Harvey. Before bis time only the so-called “* lesser or pulmonary 
circuit was knoMm. But the magnifying glasses at his disposal did 
not enable him to see the cajiillaries which were first described by 
Malpighi some fifty years later. 

In the hope of making tht* general differences of functions more 
striking, the various parts of the circulatory apparatus may be 
enunietated according to their several duties and roughly illustrated 
by a <liagram : — 

L The left (syst<paic) heart (L. H.) pumps the blood into the 
systemic arteries, and thus keep these vessels over-filled. 



Fig, 111.— Capillary Network of the Choroid of a 
Child of a few months old. (Caidiat.) 

(«) Artery, {h) Vein, and capillary network 
intervening. 
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2. The larger systemic arteries (A.), by their elasticity exert 
continuous piessure on the blood with which they are distended. 

3. The smaller systemic arterioles (A'.), by their vital contractility, 
check and regulate the amount of 

blood flowing out of the larger 
arteries into the capillaries, and 
thus keep up the tension of the 
largef arteries. 

4. The systemic capillaries 
(S. C.), 'where the essential ope- 
ration of the blood is carried out, 
viz., the interchange between it 
and the tissues. 

5. The wide systemic veins 
(V.), are the i)assive channels 
conveying the impure blood to 
the pulmonary heart. 

6. The right (pulmonary) heart 
(R. H.), pumps the blood into 
the pulmonary arteiies and 
over-fills them. 

7. The pulmonary arteries 
(P.A.), jness steadily upon the 
blood and Jorce it through the 
following, viz., 

8. Small pulmonary arterjples 
(P.a.), "which regulate the flow 
into the capillaries. 

9. The pulmonary aipillaries 
(P. C.), where the blood is eAi>Obed to the air, and iindeigoes active 
gas-interchange. 

10. The pulmonary veins (P. Y.), carrying the blood to the left 
hetirt, and thus completing the circuit. 

Lh. indicates the Ijinidiatics, which drain the tissues, and Lc, 
the lacteals, wliicli absorb from the stomach and iutestincb (I), 



Fig. 112. — Diagram of the Circulation of 
Blood and t)ie ab^jorbent vessda. 
For details eeo teak.t. 


Although the blood enters the arterieb by jerks, the motion through 
the capillaries is constant. Tlie rea.son of this is, that the arteries an* 
constantly overfull, their clastic walls lx‘ing distended by the pump- 
ing of the heart, w^hich fills the aorta and arteries more quickly th^ 
they can empty themselves, until the adequate pressure is attained 
through the contracting artenoles. The arterioles are the chief 
agents in resisting the outflow, and keeping up the arterial pressure* 



S06 


lUKUAt OF ratfSIOLOQT. 


Thb Hsabi. 

The hetiit of man and other wann'Uooded animals may be said to 
be made up of two musclar sacs, the pulmouaiy and systemic hearts, 



Vig, of Bight Amide and Ventricle expoeed by the removal of a 

part of their 'aalla. (AUcn Thomiian.) 


1* Superior yena cava. 

% Merior yena cava. 

Hepatic yeina, * 

ITy In n er irall of right amide. 
4, 4, CMty of light yentride. 

4'. fhpiDaiyiiiiiades 


5, 6', 6", Blapa at triciiepid valve. 

6. Pulmonary artery^ In the wall of which 

a window has been cut. 

7. Placed on aorta la near the ductua 

artexioana. 


spe commonly termed, the right and lejft sides of the heart, 
hi^een whidi no communication exists in the adult* Each of these 
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sacB may be divided into two portaons : tbe one, a kind of ante- 
chamber, which recares the blood from the veins, is called the 



114 —The left Amide luid Ventnelo ©xiened and part of their tialls remo%tHl 
to show their ca\ ittes. (^VUen Thomson. ) 

1 . Bight pulmonary vein cut short. 6, $1. Tlie other paxullory mu8dc«« 

V. Gavity of left auriole 0 One segment of the mitral val^e 

8. Thick wall of left ventricle. 7. In aoita is placed over the semilua-'r 

4. Portion of theaamo withiiapiUary muscle %ali os, 

attached, 

amide^ and has very thin walk; the other, the untneley is the 
powerful muscular chamber which pumps the hlood into the aorta 
and distends the arteries. (See hgs. 113 and*114.) 
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• Xu the empfy heatH the gi'eat mass ol the oi:gan, wliieh forme a 
hluhied eoae, is made up of the ventricles, while the flaccid auricles 
^re found retracted to an insigniflcant size at its base* The four 
cavities have about the same capacity, namej[y» about six ounces or 
e^ht cubic inches when distend^ 
j^e walls of both the auricles axe about the same thickness, w^hile the 
amount of muscle in the wall of the ventricle differs materially on 
tlte two sides. The wall of the left ventricle, including that part which 
forms the interventricular septum, is neaiiy three times as thick as 
th^t of the right or pulmonary ventricle. 

< 

) 

J Abrasgeukist op Muscle Firres. 

At the attachment of eadi auricle to its corre«»ponding ventricle there 
is situated a dense ring of tough connective tissue, which surrounds 
tlie openings leading feom the auricles to the ventricles. Similar 
tendinous rings (xona tendinosa) exist around the orifice of the aorta 
and pulmonary arteries. Thesse tendinous ring« form the basis of 
attachment for the muscle bundles of the walls of both the ventricles 
and auricles. 

In the ventricles many lajxTs of muscles can be made out. The 
'»ut^r fibres pass in a twisted nmnner from the Inse towards the apex, 
they aie tucked in m as to reach the inner surface of the ven- 
tricular cavity. They then jxiss back to be attached at the base ; some 
]>as8ing into the papilhiry muscles are connected with the canliac 
valves through the mediuyi of the chordic^teudini© ; and the others 
fonning irregular masses of muscle on the inner surface of the cavity, 
pass in various directions towards the base, to be fused wit|^ tlie ten- 
dinous rings aroimd the ai-terial orifices. Another set of layers jwujses 
transversely around the ventricle lying between the inner and outer 
sets, and passing nearly at right angles t<» tlieni. 

Qnbie muscle fibres fonning the thin auricular walls have their 
origin from the zones of the auriculo-ventriciihir orifices, and pass 
very irregularly around the cavities. The outer set of fibres have a 
transverse, the inner a longiiiuliiuil direction. Bands of fibres encircle 
the orifices of the great veins, and extend for some little distance 
along the vessels, particularly on the pulmonaiy veins, wduch have 
tliiek circular muscular coats after lliey leave the lungs. 

The fibres of the auricles are not directly continuous with those of 
the ventricles, the auricular and ventricular fibres being only related 
to eaA other by their points of origin, viz., the auriculo-ventricular 
fibrous zones. o 
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Minute Structure. 

The muHcle tissue of the heart differs both in stnicture and inode 
of action from the other forms' of contractile tissues of the body. The 


elements are firmly united with 
one another to form «'in irrej^u- 
lar close network, wliich, how- 
ever, can be broken up into 
masses easily recognisable as 
peculiar cells. These cells are 
irregular piismoidal blocks with 
blunt ends, often split into two 
to allow of connection with the 
two contiguous cells. Theycon- 
tiin a distinct nucleus, situated 
ill the centiMl axis of the cell. 
TJie cells are not .surrounded by 
ii distinct .sheath of sarcolemma. 

Though striated, like the 
skeletal mu'-cles, the action 
of the heart muscle is 2>^‘cu- 
liarly independent of the gre.it 
nervtui^ centres, being quite 
involuntary, and characterised 
by a definite iieiiodicity. Its 
contraction is very .slow «w’hen 
eomjKired with the sktdetal mn-c 
than thar of the contracting 1 
\ isccra. 



Fj}?. 11 '» -■ Striated MiimIc Tissue of t 
TIcurt, shoHuur tlic trcllii»-irorlc 
loniiod by the short bmnehmg cells^ 
■w itli central niulci. 

• 

les, but it is nuuh more rapid 
tissues of most ui the hollow 


Vai.\ i:s. 

The orilices which leml into and out of the ventricles liave pccidiar 
^rrangements of their lining texture, forming valves which allow’ the 
fclood to ])ass in a certain <lirt*clion only. These valves, which form 
ft most interesting and im}>ortant part oi the economy of the heait, 
ftre of tw’o kinds, ditlering (omjdetely in Ihtir mode of action. 
Dne kind dii*ects the pas.sage of the blood from the aiiru les to the ven- 
tricles, the other guaitls the ojienings into the great arterie.s. The 
Eiuriciilo-ventricular oixuiing^ are jiiotected by valves w’ith a sail- 
like action. These are made uji of delicate curtains tunned of thin 
sheets of connective tissue arisino from the margins of the auriculo- 
rcntricular oiienings, wdiich form the fixed attmehment cf each of tlie 
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eurtains of tlie valves. The free edges and vcntiiciilar surface'^ of the 
curtains are blended ith the tendinous cords coining frcm the papil- 
lary muscles, and thus give points of tendinous attachment to some 
of the bundles of mubcle fibres in the wall of the ventinle. At the 

B 



Fig 116 — Portion of the Wall of Ventnde [>1 d ami Aorta (n h r , nhowing attacTt- 
ments of one flap of irutral and the aortic >ahes , (/< and </) pupiUary inuaclcH , 
{f, e f and / ) attadunent of the tendinous corda. (Allen 'IliomHon } 

right aiiriculo-ventnculai opening theie are tliree thief curtains; 
hence it is called the “tricuspid” valve (Fig. 117, B A i). The open- 
ing from the left auricle to the left ventricle, which is about one-thinl 
smaller, is guarded by two laige vahnilar flaps, and is hence called 
the bicuspid,” or more commonly mitral” valve (Fig. 116). 
The arterial valves are made up of three deep pockets with free semi- 
Innax margins looking towards the vessel. The curred base of each 
pocket is attached to the arterial orifice of the ventricle, with the 
lining membrane of which it is continuous. 
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Action op the Yalvls 

The mode of iction of the flips of the tricuspid and miti il valves 
la like that of a litten sail of a boat, if we substitute the blood str am 



1 ll" — riu Oiittics of the Hcait seen fr >m 1>fl >w th< ssh )lo of tht \ontii 1 m mjr 
(ut IN Hml tlie (ui-tamf ot the iuiuul)-\ ihiicului n i1ni.'> di innh d nnii b} 
threads attui hexl to the chorda ttiidmm Uu^il > ) 

7 i ] Hwht aunt ulo-Nt ntru ul u opeiiinR’ hUii )imded bN the fl ips of tiKiisj)!! 

7 ( T lx;tt auiiculo-NcntiK ulai oiamng and athiihed mitnil Nahc 

1 1 rulmuniry \alvcH NN lien closed io Aoitic > ah es closed 

loi the ail cuiitnt , tlu tciuliuous (oids acting as the ‘ 'sheet’ oi 
lope which H strums tlu sail when hlled with wind 

The blo(Hl diiveu lu fiom the luriele at hist pushers the cuitiiii> 
ot the ^ahes against tlu 'lentruulai w ill, and immediateh filK the 
aentiiele As theaentiide iNecoiius disteiuled the tendinous coids 
coming from the elastic iwipillary muscles are put on tlu stri tch, and 
diaw the val\e curtains awaa fiom the w ill of the vtiitnele into the 
midst ot the fluid. When the ventricle begins to eoiitiact upon lU 
c outaiiied blood, the prissure of the fluid bellies out the sail-like 
vah es tow anls the auiule**, so that then tom ex sidt> come into close 
ap]) 08 itu)n with one anothei Their fiee margins ue held hrnily by 
the papillary muscles c''ntiacting and tightening the conls The 
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flaps are Icept at inucli the '^ame teiiMon by the papillary muscles 
shortening in propoitioii as the \entiKle empties itself and tlu 
cavity dimimshes in si/e. Bj this meohamsm the vahes are pre- 
\ented from bulsring too much into the amities, oi allonving the 
blood to pass back into them 

The semilunar ^al\es are nitre nienibi inou^ pockets, and have no 
tendinous cords attached to thtiii, but on account of the extent ol 
their curved attachment, when their limited liee margin ls made tense 



Fig^ 118 — The Orifices of the Heart w:in fxoin al j\e T >th the auiichs ind the great 
^€**#•016 being I c moved (Huxltj ) c 

7 1 Pnlmonarj arteiT and its soiuilun.u vaht’' J \orta and its valves 
/ n , Tni uspid, ind 7 f I I isiuhj id v ilvi s 

1 y the ])ocket being filled from tlu aiten , tlu \ \l\n> c m onl\ pasN 
a given distance Inmi the nail ol the vcwl uid aie thus held fiinily 
in position. A\ hen tlu foi e e of the b]4K>d b av mg tlie \ e utricle begins 
to dimmish, the scmilunai flaps ai( i u»ed iiom tlu distending wall ol 
the artery ; and the moment the cun cut liom t)ie vciitiich h.ih ceased 
to flow, thepocki ts arc forcibly disteiuh d by tin aoitie blood pi essure 
and bulge into the lumen of tlu \es^el, so that the ( on vex suifoce of 
the lunated portions cif each v il\ e is jiressed against ( oi les] Kiuding jHirts 
of its neighbour. Their union then, ^vhich is aceompli*4hed by tbeir 
^overlapping to some extent, foims three stiaight ladiating lines, and 
is a XHirfeclIy impervious banier to in} backward flow oi blood 
(Fig US PA. and ao )? 
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Movements op the Heart. 

It is only by means of these valvular arrangements that the heart 
is enabled to perfonii its function, namely, to pump the blood in a 
constant direction onwards, emptying the veins and filling the arteries 
against great opposition on the part of the latter vessels. 

This pumping is cairied on by the successive contractions and 
relaxations of the muscular walls of the various cavities. 

The blood, flowing from the systemic and pulmonary veins, passes 
unopposed into the right and left auricles respectively. As soon as the 
auricles are full their walla suddenly contract and press the blood 
into the riglit and left ventricles ; immediately the ventricles contract, 
and, X)ressing upon the hlood, force it into the great arteries. 

The contraction of each pair of cavities is followed by theirrelaxation. 

The blood cannot jiass l^ack into the veins from the auricles when 
they contract, because the auricular contraction commences in the 
bundles of muscle wdiii’h surround the orifices of the great venou'^ 
trunks ; and it cannot flow hack to the amides, because, as has been 
.seen, the force of the blood current on its entry into the ventricles, 
by making tense the cords, doses the valve.s ; wdiile a backward flow 
from the large arteries is at once prevented by the current distending 
the semilunar ])ockets, and thiib firmly closing the valves. 

When viewed for the first time, the beat of the heart ai)pears to be 
a single rfict, so raiiidly does tlie ventricular follow the auricular beat. 
More cixrefiil examination shows that this single action is cmii]>osed 
of ditferent phases of atitivity and repose, which together make up 
tlie cycle of the heart heat. Tlie time occupied by the contraction of 
the cavilies of the heart is called their systoU’, tlieii* period of rest i.s 
called iHaatole, 

The 83"stole of the coriesponding cavities of both sides of the lieai-t 
is exactly synchronous ; that is to say, the two auricles contract 
simultaneous!}", and immediately the contraction of the two ventricles 
follows like that of the two axiricles as a single act. 

The auricular and ventricular contnictions are separated by so shoit 
a space of time that it is not easih" aj>i»reciabb. The rapidly suc- 
ceeding acts of auricular niul ventricular systole ui*e followed by a 
period during which both auricles and ventricles are in dia.stole, 
which is commonly spoken of as the passive interval or pause. 

While the auricles are contracting the ventricles are relaxed, and 
the relaxation of the auricles commences immediateh" the ventriculiir 
contraction begin.s, so that only for a very short time both auricles and 
ventricles are contracted. • 
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The entire cycle or revolution of the heart-heat, occupying neaily 
{I second in the healthy adult, may be divided into three stages : — 

Auricular systole. 

V eii tricular sv stole. 
General diastole. 

Tlie exact time occupied 
by each phase of the cycle 
Ctin only be calculated a]>- 
proximately. This may 
he done either by register- 
ing graidiically the motions 
of the auricles and ventri- 
cle'- directly comm iiiiica ted 
to level's brought into con- 
tact with their surface, or 
hy recording giaphicnlly 
the pressure changes which 
occur N\ithin the cavities 
l>y intrcKlucing into them 
little clastic sacks tilled 
with air, whence the ]>re^- 
snre cliangcs are commu- 
nicated to an oidinaiy 
tambour,” and r‘*gistered 
on a smoked surface. 
jOt the whole period of 
tlie cycle tlie ]>assive inter- 
val or pause is tin* longest 
ami the most variable, for 
111 Oldinary changes in the 
heart’s ihj'thm it is the 
j>ause that vai-ies. Next in duiatioii i'> tlie ventiiciilar systole, w hile 
the shortest is the auricular sj stole. 

The following figures give approximately tlie i>roj>ortion of time 
occupied by eocli part of the cycle in the case of a horse, whose iulra- 
cardiac tension was registered in the mann(*r just relerred to, whih* 
hi.s heart beat about tifty times in the minuti* : — 



Fig. 110. — Cfurrea drawn on a movinpr aurface by 
three levers, -nhich aie connected with tiie 
interior of the heart, ^iz 

Upper line shows the chiinges of prc^hulc oc- 
cuiTing in the right aunrle ; 

Centre line shows the pK‘^sure' cliangi within 
the nght \entncle ; 

Lower linesho^^s the <hanges of pres*-urc (k- 
curring m the left 'ventricle 

(The smoked surface l^ moved from light itj 
left) (After Chau>ian J 


Aiuicular systole . 
Ventricular systole . 
Pajjsite interval . 


Pr<)I)ortHin 
of ojek*. 


Bumtion 
1X1 M'couds. 

0*2'' 

0*4" 

0 * 0 " 
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Or if we assume the human heart to heat some seventy times a 
minute, each cycle would occupy about of a second, which would 
he made up as follows : — 

Auricular systole . . . = of a second 

Ventricular systole . • • ~ ?> 

Pause =10 

The duration of the auricular and ventricular systole varies hut 
little except under abnormal circumstances, hut the pause is con- 
stantly uiider^'oing slight changes. In fact, the duration of the 
general diastole dej)ends upon the rate of the heart beat, being less in 
i^roportion as the heart beats more quickly. 

If the thorax of a recently killed frog be opened, the heart can be 
oliserved beating and the different acts in the cycle studied. 

In mammalians, in order to see tlie heart in o])eration, it is neces- 
sary to keep up artificial respii’ation, during which the heai*t continues 
to bi‘-at regularly, though the thorax be opened. A careful inspection of 
the beating heart shows that during its cycle of action certain changes 
take j)lace in the shape and relative position of its cavities. This is 
owing j)artly to the change in the amount of their blood contents and 
partly to tin* form assumed by the muscular wall when contracting. 

During the passive interval the auricles are seen to swell gradually 
on account of the blood floMung into them from the veins : when 
the auricj^ular cavities are nearly full, a contraction, commencing 
ill the great venous trunks near the heiirt, passes with inci*easing force 
over the auricles and gi^cs rise to their i^pid systolic spasm. The 
auricles appear suddenly to diminidi in size, become pale, and empty 
themselv^ into the ventricles. 

As the blood is shot through the auriculo-ventricular openings 
and the ventricles become distended, their flaccid walls appear 
to be drawn over the ]i<|uid mass by the contracting auricles, 
just as a stocking is drawn over the foot by the hands, and their 
walls seem to approach towards the base of the lieail. The. 
moment the ventricles have received their full charge of bhiotl from 
the auricles they contnict, becoming shorter by the movement of 
the base towards the apex, and thicki*r by the elongated ventriculai* 
cone becoming rounder. The great arteries arc at the same time dis- 
tended Avith blood and elongated, their elastic walls l)eing<lniwu down 
over the liciuid wedge on its exit from the ventricle. The soft elastic- 
tissues are thus in tuni made to slide, as it WH‘re, over the incompres- 
sible fluid blood tliat forms the fulcrum, which the power of tlie 
muscular walls uses as a firm purchase, Diiikig the systole, when the 
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thorax is open, the veiitiicles rotate slightly on their long axis, so 
that the left comes a little forwards, and the apex also for\vard 8 and 
towards the right. On tlie ventricular systole ceasing, the gradual re- 
filling of the auricles begins ; the ventricles become flaccid and flattened ; 
Uie semilunar valves, being closed, the large arteries gra'<2> firmly 
the blood, and by their steady resilient j)ressure force it onwards 
towards the distal vessels. Dming this j)ause the arteries seem to 
liecome shorter, dmwing the base of the heait uj^ again and lengthen- 
ing the flaccid ventricles. 

The i)art of the heiii’t which changt^s its position most is the line 
betw'een the amides and ventricles, while the apex remains fixed in 
the one ]>Ofeition, only making a veiy slight lateral and forwaid 
motion, whicli pixibahly does not take place during life. If a needle 
with a light lever attachetl he made to enter the ajiex through tlm 
wall of the chest, the lever does not move in any definite direction 
duriiig the systole, but 8 imi»ly shakes. If, on the other hand, the 
needle be 2>laced in tlie base of the ventricles the lever moves up and 
down with each sy&tole and diastole. 

Heart’s iMPULbE. 

If the ventricles be gently held between the fingois during tlieii 
.systole, a most striking sensation i*- given by the sudden hai<lennig 
of the muscle. The mass of the \eutiicle>, fiom being (piite solt and 
compressible during <liastole, suddenly' atqiiiie a w’ooden haulness. 
owning t<» the tightness with >vhich the muscle giasps the liiiid, and 
the greater finnness of the c<mtractijig tissue. 

This hardening gives tlie .sensation of a sudden enlargement in all 
directions, Nomattei on what siiilate the finger be idat ed^the heait 
seems to move in tliat diiection, so to give a slight knock or im- 
]»ulse. Thii.s, when grasi)ed betw’eeii the i(»refinger placed below the 
diaphiagm and the tliunili on the antoio-su2)erior a.spect the impulse ib 
et^ually felt by each digit. 

The heart-beat communicates its motion to tlie chest, and this 
impulse ©in be .seen (jver a limited aiea, which >aries with the 
thinness of the iinbviilual. This cardiac ivipulat, as the stioke i.s 
called, can be best felt in the fifth inteix ostal ^paee, a little to the 
median side of the left iiipide. It is found to he synchronous with 
the ventricular sy^'tole. The more iiujiortant item in causing the 
impulse is the hardening of the \entricles, while their siiiiultaneous. 
cbimge in shape, from a flattened to a rounded cone, no doubt lielpa 
to make tlie sudden teusenesr> more distiuctly felt through the w'uU 
of the chest. « 
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The point at which the impulse is best felt corresponds to the 
anterior surface of the ventricles some distance above the apex ; it ia 
therefore erroneous to call it the ‘^apex heat.” 

Moreover, the motion of the apex is so slight when the wall of the 
chest is removed, that its “tilting forwards” can have no share in 
causing the imimlse : tlie thoracic wall being always in contact with the 
a[>ex, it can only move laterally, and cannot hammer against it so as to 
cause a shock. The “ rec )il of the ventricles” caused by the blood 
leiiving them, which some think aids in producing the impulse, ob- 
viously owc'j its sui)|iosed exi'jtence to the confusion of cause and effect. 

The cardiac impulse is a valuable mejisiu e of the strength of the 



I'lf?. 120. — ('ardisic Tambour, can Ik* on to chest-wall, so that the 

ientml button Hom ov('r the h<'art-l>eat, and the pivfisui’C maybe regulated by the 
Mcri’ws at th(* side. To the tidK? lM*nt at right angles to uttiiched the rubber tube 
whiol^ eonnects the au* eaMty with that oi the WTiting tambour shown m. 
Pig. lll». 

systole, and hence is (»f gieut imjH)rtance lv> the clinical physician. It 
may be registered by iiieaii'' of an in>trument called the Cardiograph. 
Many such iustniment> have been devised, most of which work 
on the same ])riuciple, and write a record on a moving surface 
with a lever attaclied to a tambour, to wliich the movements of the 
chest wall are transmitted from a somewhat similar drum by means 
of air tubes. In using thi^ j)lan, so generally employed by Marey, 
one air tambour (fig. 1:2()) i^ ai)plied over tlie heart, the motions of 
which cause a variation in the tension of tlie air it contains; these 
variatii ms are transmitted 1 ^y n t ul »e (/, tig. 1 2 1 ) to the other taml )our(6), 
where they give rise to a motion in ith flexible surface to wldch a 
delicate lever is attaclied at ((f). • 



rig. 121. Writing Lever ami Tnmbour. 00 Joint of ihctcvcr; (/>) Air chamber; (/) Rubber tubing connecting it with catdiac tambour. 
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Heart Sounds. 

The heart’s uctioii is accoiupanietl hy two 
distinct sounds, which can lie heaid hy 
hringingthe ear into tinu direct contact with 
the precordial region, or indirectly hy the 
use of the stethescope, an instrument of 
which there are ninny varieties to suit the 
ta.<ite of clinical observers.* 

One sound follows the other quickly, 
and then conies a short jiause ; conse<iuently 
they are spoken of as the first and second 
hounds. 

The firet sound lariirs at the same time 
as the ventricular systole. It is a low, 
.soft, j^rolonged tone, ami i.s most dis- 
tinctly heard over the fifth intercostid ."iiace. 

Tlie Second sound is pnxluced when the 
two sets of semilunar valves are closed, that 
is, at the moment when the blood ceases to 
escaix* from the ventricles. It is a sharp, 
short sound, and is best beard at the second 
costal cartilage on the light side. 

The cause of the fir^t sound is as yet 
involved in doubt. Po>si]dy tm*re are 
.several factors in its jn-oduction. Tlie jirin- 
cipal events occurriug at this time may be 
enumeratCMl thus : — 

1. Tlie heart's impulse. 

2. The contraction of the lieart-muscle. 

.3. Tlie ritsh c»f blood into the uiteries. 

4. The .sudden teii.si(*n of the ventricular 
chainbem and the aurictilo- ventri- 
cular valve.s. 

It has already been .seen that the lieart’s 
impulse is cau-ed by a sudden change in 

* A flc'xtble stetho«ci>ix* to to one’s own heart 
soumlsran bomade byiltting to one end of ii 
piece ol rul»ljer tubing about IS incites long the mouth- 
and to the other end the laiwl, <if a wooden 
The howl isapplk‘<l ov(t the different wgions of the 
heart and the moutltpicoA* hiiuly fftted in the cor. 
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^Icnsity of the iiuiscle rather than hy a knot h £ 4 ,'ainst the chest. More- 
over, the first sound is heard quite readily wluui the chest wall is 
removed, so that the apex l)eatm" against the thorax cannot even 
lielp to cause the sound. 

Tlie sound is not unlike the tone which accompanies the con- 
tinuous (tetanic) contraction of the skeletal muscles. It corresponds 
in time and duration with tlie contraction of the cardiac muscle. 
In disease where the heart muscle is weak, the sound l)(H*omes faint 
or inaiidihle, although the valves are made teiix'^e hy an intraven- 
tricular force sufficient to overcome the* i>ressure in the arteries ; for 
othej’wise the circulation w'ould cea>e. A ])r£Dsystolic sound, like in 
character to the systolic sound, is now recognised hy physicians 
-IS being produced hy the auricular systole, hut this cannot depend 
on the vibrations of vah'es, Accoiding to the most recent and careful 
observei's, the lii*8t sound may l>e heard when tlie heart is empty. 

All this evidence tends to show that the sound is produced by the 
contraction of the muscle tissue of the heart, or, in short, that it is 
the cardiac muscle tone. 

Against the view that the mUMudav tone is the cause* of the first 
sound the undoubti'd fact is jiroperly urged, that only tetanus (?.c., a 
lajiidly repeated series of <*untrjictions fn<ed into a continued stiitc of 
slioitening allowing variations of tendon) tan cause a muscle sound, 
and a single contraction is not acconipanie<l hy any tt>ne. Though in 
many ways^it ditl'ers from the single contraction t»f other muscles, 
yet the heart beat is no doubt a single contraction. And no good 
jeasuii exists fir believing jt can cau^e vih^itions cumparahle \ntli 
tliat of the tetanus of skeletal muscles, or that it is capable of giving 
rise to a dejjnite sound. 

The closure of the auriculo- ventricular valves is synchronous with 
Ihc beginning of the souiul, and injury or di-ease of tliese valves is 
associated with a weak or altered first .-ound : this is often observed 
in disease of the mitral valve. The hlood i.- said by some to be neces- 
sary for the production of the sound, so that the act of olosim* luid 
subsecpieiit tension of these valves would seem to liave a shan? in 
causing the soiiml ; but ou tlie other band, the character of the sound 
is not like that 'which would be caused hy the sudtlen closui-e or 
tension (»f the meinhranes, or of the delicate teiidimais cords. 

As before remarked, this would luit account fm* priesystolic sounds, 
and the iirst sound can he heard in an em]»ty lu‘art removed from the 
animal, in which the valves could not become tense (Ludwig). 

The sound lias been analysed with suitable resiuiators, and two 
distinct tones made t»ut : one high and short, corresponding to the 
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closure of the valves ; the other long and low, corresponding in 
duration with the muscle contraction. From this it would appear 
that both the tension of the valves and the muscle tone have 
something to do with the production of the sound. 

The good reasons given for thinking that the heait muscle cannot 
produce a tone suggests that the sudden state of tension of the ven- 
tricular wall when tightened over the blood may give rise to vibra- 
tions, and he an impoi-tant item in causing the tirst sound. This 
would explain the hiintness of the sound, both when the valves wen* 
injured and the muscle weak. It would also explain the pra’^^ystolic 
sound, which requires a cerhiiii auricular tension for its production. 

The prtxluction of the second sound is more easily explained. 
Occurring just after the ventricle is emptied, it is synchronous with 
the closure of the semilunar \alves at the aorta and pulmonary 
oiihces. The blood in the aorta forcibly closes the valves as soon as 
the ventricnlai' pres«un* begins to wane. Tliis t-inlilen motion causes 
a vibration of the valves, which i.> immediately checked by the con- 
tinuous pressure of the column of blood. 

Innervation of the Heart. 

The most interesting plienomenon in the heait’s action, and that 
moHt ditticult to explain, i-. the wontleilul regularity of its rhyth- 
mical contractions under normal cii-cumstancc'', and the extreme 
delicacy of the nervous meduini^in by which it i^ regulatt*d. 

The vast majority of the active contractile tissues of tlie liigher 
animals are under the iminediute and exclusive direction of the central 
nervous system. All the great muM-ular oigans are connected with 
the ceivbro-spinal axis b\ mean^ of nerves, along which iivjmlses pa^s 
stimulating the contiactiie tissue to action. Thus the skeletal mus- 
cles are bi ought under tlie (ontrol of the will, and the nerves coming 
from the ]>rain carry stimuli to certain sets of muscles when we wish 
to perform any simide attion. 

Other muscles, as Ijus been seen in the pharynx, a'sojdiagus, &c., 
tliough not under the control of the >vill, aie yet go\'enie<l altogether 
bj the cerebrospinal axis ; while otliers, of which tlie most striking 
example is tlie heart, have nerve elements in immediate relation to 
the contractile tissue, capable of exciting them to contraction. 

It will materially help us in coin]>rehending the nervous mechan- 
iinna of the hearths riiytlnii if we bear in mind what now seems to be 
proved licyond doubt, namely, that the muscle tissue of the heart 
has — quite indepemlentlv' of any nervous influeiices — jin inherent 
tendency to rhythmi<?«I contraction. This is shown by the follow’ing 
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facts. Thtt heart cannot continue contracted like a skeletal muscle 
(in tetanus) under any circumstances, or like an rinstriated muscle 
(in tonus) excei>t when the tissue is spoiled by deficient nutrition, 
The hearts of many of the lower animals contract rhythmically 
without any nerve elements being found by the most careful micro- 
scopic examination. A strip cut from the ventricle of the tortoise 
<‘an, by judicious excitations, be tau{fht to beat rhythmicallj^ without 
the help of any known nerve mechanism. The lower part of the 
frog’s ventricle — which is commonly admitted not to contain any 
nerves— beats quite rhythmically if fed with a gentle stream of serum 
and weak salt solution, and there is no reason to assume that there is 
any greater difficulty in conceding to muscle tissue, than to nerve 
cells, the property of acting with a regular rhythm. 

In cold-blooded animals, such as a fing or tortoise, the heart will 
beat even for days after its removal from the animal, if it be pro- 
tected from injury and prevented from drying. In warm-blooded 
animals the tissues lose theii* vitality almost immediately after they 
are deprived of their blood supply ; however, spontaneous rhythmical 
moveiiieiits can Ije seen in the mammalian heart if removed rapidly 
after death. The heiirts of oxen, skilfully slaughtered, commonly 
give a few beats after their removal from the thorax. If a blood 
current bo kept up thmigh the vessels of the heart tissue this sponta- 
]ieons contraction will go on for some time, or even will recommenwj 
after liavipg ceased. 

The hearts of two criminals who were recently hanged were found 
to continue to beat for fouj and seven min^ites respectively after the 
spinal cord and the medulla had been separated. 

The--e ^cU preve conclusively that the stimulus which causes tin- 
heart to beat rhythmiaiUy arises in the muscle tissue of the organ or in 
close relation to it. Upon physiological grounds alone we might con- 
clude that ill the heart tissue of the vertebiata there exist the nerve 
elements with which "we are familiar anatomically. These nerve 
cells only re<|uire their nutrition to be ke}>t up by a continued blood 
supply ill order to develop the energy necessary for their function. 

Such collections of nerve elements are called antomuttr centres, and 
are made up, like all other origins of nerve force, of ganglionic cells. 

The heart of maiuimilian animals so soon coaxes tt) beat, that it 
forms an unsatisfactory subject for experimental inquiry. The heart’s 
innervation— which will be seen to be a comjdieated ]H‘ocess — may, 
tlierefore, with profit be studied in a otdd-blooded animal, where the 
mechanisms can be more I’eadily observed, and are i>robably more 
simple in arrangement, • 
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The frog, being readily obtainable, is commonly chosen. 

If the apex of the ventricle of the frog’s heart be separated, it re- 
mains motionless, 'w hile the auricles continue to beat. But it responds 



lSSI.>>l>ittgxttnifnatic Flan of tho Cardiar Nerve mcchaniffm. The direetion of the 
Iniptilaea ia indicated by the arroa^. Both rifrht and left iddcfi of the eut are 
to ahow one c<inip!<ix‘ lutenil half of the tlhrea. 

to short direct stimulus by an ordinary single contmctioii, and if the 
stimulus be kept up it beats rhytlimically. If the auricles lx* re- 
moved from the ventricle m) as to leave the line of union attached to 
the ventricle, both conCinue to beat. But each part beats with a 
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different rliytlini, and under like conditions tlie auricles continue to 
beat longer than the ventricles. 

The auricles beat even when subdivided ; and the dilated termi- 
nation of the great vein, called the sinas venosus, opening into the 
right auricle, when quite sepiirated from the rest of the heart, con- 
tinues to beat longer and more regularly than any other part. When 
the entire heart is intact this sinus seems to be the starting point of 
the heart-beat, 

TJiis exi>erimontal evidence of the presence of nerve centres in the 
heart-muscle is supported by the results of anatomical investiga- 
tions, for the microscope shows that there are many ganglion cells 
ilistributed throughout the lieait-tishue, and that they are located 
just whore we should expect from the above facts. That is to say, 
there are none in the substance of the ventricles, while there are several 
grout>s of cells scatt(»red annuid its base in the auriculo-ventricular 
groove (Didder). There are others in the walls of the auricles, par- 
ticularly in the sejjtum, and the greatest number are found in tbe 
walls of the sinus venosus (Remak). 

Tbe ganglia in the sinus venosus ai’c most easily stimulated, and 
arc probably the only ones which habitually act as automatic centres. 
They certainly take the initiative in the ordinary heart-beat, and regu- 
late the rhythm of the contraction of the auricles and ventricles. 

This seems more than pr(»baide from the following facts : — 1, The 
ordinary contraction wave starts from the sinus venosus. 2. This part 
beats longer and more steadily than the others when separated from 
the animal, 3. When cu^ off from tlie ai)|U8 the beat of the rest of 
the heart becomes weak,xmcertiun, and changes its rhythm, 4, When 
the sinus ^enosus is suddenly separated by ligature fh>m the auricles 
and venti'icle, both the latter cease to beat^ while the motions of the 
sinus continttes. However, if a slight stimulus, such as the touch of a 
needle, be now applied to the auiiculo-ventricular margin, it sutticc'< 
to give rise to a series of rhythmical contractions. Or if the ventricle 
be now separated from the auricles by inoinon, the former commences 
to beat rbythmicaily, while the auricles commonly remain motion- 
less. These latter obsei-vations (which are known as the experiments 
of Stannius) have been explained in various ways, the most probable 
of wliich seems to be the following. When cut off fn)ni the inllu- 
cuce of the sinus venosus, the heart fails to contract spontaneously, 
because it has lost the initiatory stimulus which habitually arrived 
from the sinus. When the ventricle is cut away from the auricles, 
the act of incision U sutticient stimulus to set going its rhytlunical 
contractions. • 
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Although we cannot adequately explain the relationships home hy 
the different sets of ganglia in the frog’s heart to one another, there 
eeems no doubt that the following conclusions may he accepted as 
proven, and are, moreover, in all probability, applicable to the 
hearts of mammals : — That nerve centres exist in the muscle tissue 
of the heart, some of wdiich are capable of originating stimuli for this 
rhythmically contracting muscle. That there exist other ganglionic 
groups which help to regulate and distribute the stimuli in a seipience 
throughout the several cavities. 

Extrinsic Cardiac Nerves. 

The intrinsic nerve mechanism of the heart just described is under 
the immediate control of the gi'eat nervous centres through the 
medium of fibres i»a8sing along the A'agus and symimthetic nenes 
fiom the medulla oblongata. 

Some of tliese fibres check the action i>f the intrinsic ganglia, and 
cause the heai*t to beat more sh»wly ; hence they are called inhibitory. 
Others cause it to beat more quickly, and are culled accdcratory. 

Inhibitory Nerves c»f the Heart. 

It was observed by Weber that electric stimulation of the vagus 
nerve caused a slowing of the hem-t’s rhythm, and if increased gave rise 



Pig. 123.— Tracing, «howing the effect of Stiinulution of Vagus Ner\c. Btimulua 
aiipilied between vertical lines. (Recording surface moved fnim left to right.) 

to a standstill of the heart in diastole ; the heart heat gradually 
recommencing some time aft«*r the .stitiiulus ha<l been removed. 
On the other hand, lift; section of both vagi juoiliia'd an increase 
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in the rapidity of the heart beat varying according to the kind of 
animal experimented upon. 

Section of only one vagus, however, has not this effect. From 
these experiments it would appear — 1. That some fibres of the vagus 
bear impulses of a checking or inhibitory nature to the intrinsic 
nerves of the heart. 2. That these influences are constantly in opera- 
tion, or in other words, the vagi exert a tonic inhibitory influence on 
the rapidity of the heart-beat. 3. The tonic action of one vagus bears 
inhibitory influence sufficient to regulate the hearths action. This 
tonicity of the vagus inhibition is, moreover, more marked in man 
and dogs than rabbits, and is reduced to a minimum in frogs, where 
section of the vagi produces very little effect on the rate of the 
l>eat. 

Vagus inhibition is increased by the following circumstances — 
(a) certain x)sychical i)henomena such as terror, wdiich is said to pro- 
duce a temporary standstill ; (6) deficiency of arterial blood in the 
medulla oblongata ; (c) increase of the blood pressure within the 
cranium ; and (d) reflexly by the stimulation of many afferent nerves, 
l>articularly the sympathetic and those bearing impulses from the 
abdominal viscera to the medulla, as well as the ordinary sensory 
nerves or by the aflerent fibres of the opposite vagus, (e.) Muscarine 
produces diastolic standstill of the heart by exciting the local inhibi- 
tory ganglia or vagus terminals. 

-4 tropin pauses quickening of the heart’s action by paralysing the 
endings of the vagus, and also those intrinsic mechanisms which are 
supposed to have an inhibitory effect. Nt<%ftine produces at first a 
slowing of the heart by stimulating the inliibitory tone of the vagus. 
This is socii followed by exhaustion of the terminal fibres and a con- 
sequent quickening of the heart beat. Large doses of curare paialyse 
the inhibitory fibres. Digitalis excites the vagus centre in the 
medulla*, and thereby reduces the rapidity of the heart’s beat 

The Accelerator Nerves. 

After the possibility of increase of blood pressure bos been removed 
by section (jf the splanchnic nerves, and the tonic inhibition of the 
vagi has been cut off, it lias been found that stimulation of the 
cervical portion of the spinal cord causes quickening of the heart 
beat. In the cervical portion of the spinal cord nerve channels mu^t 
then exist which are capable of stimulating the muscle fibres of the 
heart, so as to cause it to beat more quickly. These accelerator fibres 
pass through the communicating branches frdJtn the cord to the last 
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cervical or first dorsal sympathetic ganglion, and thence to the heart. 
Stimulation of the ganglia, or the branches passing thence to the 
heart quickens its beat The effect of stimulus applied to these 
nerves does not begin to show itself until a comparatively long time 
alter it has been applied, and the acceleratory effort continues for a 
considerable time alter the stimulus is removed. Stimulation of the 
accelerator fibres has Httle effect on tlie tonic inhibition of the vagus, 
which takes place equally well whether the accelerators are stimulated 
or not, while the action of the accelerators is totally 6ii6j[>ended so long 
as the vagus is being stimulated. 


Afferent Cardiac Nerves. 

Besides these nen^e channels bearing imi)ul6es to the heart, others 
pass from the heart to the medulla, pi-obably having their origin in 
the inner lining of the heart, which is known to be the part most 
sensitive to stimulus. 

These fibres appear to Ixj of two kinds, one of vhicli affects the 
cardio-inhibitoiy centre and diminishes the pulse rate; the other 
affects the vaso-inhibitory centre and lowers the blood pressure. 
Increase of the intra-ventricuhir pressure stimulates both tliesc sets 
of fibres, and thus we see that over-filling of the heart from increase 
of blood pressure, &c., causes retardation of its beat, and an (^uili- 
brium is thus established between the general blood i)reh‘^are and the 
force of the heart-beat. 



CHAPTER XVIL 


THE BLOOD VESSELS. 

The channels which cany the blood throughout the body form a 
closed system of elastic tubes, which may be divided into three 
varieties : — 

1. Arteries. 

2. Capillaries. 

3. Veins. 

The arteries and veins serve merely to conduct the blood to and 
from the capillaries, where the essential function of the blood, riv., 
its chemical interchange with the tissues, is canied on. 

The arteries are those vessels which carry the blocxl from the heart 
to the capillaries. The great tnmk of the aorta, which springs frmn 
the left ventricle, gives off a series of branches, which in turn ru1>- 
divide more and more freely in x^roportion to their distance from the 
heart. Their inode of division is commonly dichotomous, but, from 
the larger trunk, branches of unequal and irregular size are frequently 
given off. t 

Arterial twigs of considerable size here and there form connections 
with those of a neighbouring trunk (anastonwm), but these unions 
are simple junctions of single branches, never being worthy of the name 
of a network or i)lcxus, such as those seen in the capillaries or in the 
veins. The walls of the arteries are made up of three coats : — 1, An 
extenial tough fibrous layer which gives strength to Hie vessels, — 
like the webbing in the wall of rublier water-hose — and acts tis a 
bond of union between it and the neiglibouiing tissues. Tin*? coat 
(tunica adventitia) cames the minute vessels, necessary for the nutri- 
tion of the vessel widl, and neives. 2. The middle coat (tunica media) 
forms the more characteristic of the iulerial structure, being a 
mixture of pure elastic tissue and unstriated muscle. It is much 
thicker in the arteries than in the veins, where its special func- 
tions are not required. It differs essentially in character in the 

Q 2 
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laiger and smaller arteries, the change occurring gradually on 
passing along the cliiniiiishing branches. In the large arteries 


a a 



124,— Transrerse Section of part of the Wall of tlie Posterior Tibiol Arteiy (man). 

(Schafer,^ 

(rt) Endothelium lining the Teasel, appearing* thicker tlian normal from the cori- 
traction of (h) the elastic layer of the intuua. 

(c) Middle coat composed of muscle fibres and elastic tissue. 

(</) Outer coat consisting chiefly of white fibrous tissue. 


and the arterioles the middle coat differs much in structuro, and in 
both it forma the moat important part for the due performance of 

their respective functions. In 
the large vessels it is made 
^ up of elastic fibres of vaiious 



Fig, 125.— Portioin of Small Artery from Sul>- 
mnooiia Pivrae of Monne^s Stomach, stainefl 
with gold«diloride, lowing the nuclei of 
the nuiscle cells (n) passing transTersely 
around the Teasel to form the middle coat, 
^ which is the fibrous tissue of the 

outer coat (f). Around the vess<*l several 
fine nerve filaila form a network (>). 


shapes, and .sheets of elastic 
ti.‘<sue woven into atdense felt- 
work, intei’sjiersed with a few 
muscle cells. In the small 
.arteries (arterioles) the great 
mu.ss of tlie middle coat is 
made iiji of muscle cells, the 
elastic tissue being Imt sjKxrsely 
represented. Between the 
lai^e arteries and the cajul- 
larie.s every grade of transition 
between these two extremes 
may be found ; the elastic 
tissue gradually l>ecoming less 
abundant and the muscle 
elements more important in 
proportion as the capillaries 
are approached. 3. The in- 


temal lining (tunica intima) of the arteries is composed of a delicate 
elastic bomugeneous membrane lined with a single layer of endo- 
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thelial cells. The intima may be said to be continuous throughout 
all the vessels and the heart cavities. 

It is thus seen that the large arteries have extremely elastic and 
firm walls, capable of sustaining considerable pressure. The smaller 
the arteries become in calibre the more the general property of elasti- 
city and resiliency is reinforced by that of tital contractility, due to the 
greater relative number of muscle cells contained in the middle coat. 

The frequently branching arterioles finally terminate in the 
capillaries, in which distinct branches can no longer be recognized, 



Eig. — Capillary neiviurk of a Lobule of the Liver. 


but these thin canals are united and interwoven into a network of 
blood channels, the meshes of which are all made up (»f vessels having 
about the same calibre. They communicate indefinitely with the 
capillary meshworks of the neighbouring arteriole'?, so that any given 
capillary area appears to be one continuous network of tubules, con- 
nected here and tliere with distinct arterioles, and thus is fed with 
blood from several different sources. The walls of the capillaries arc 
soft and elastic and permeable not only to the fluid portion of the 
blood, but also, under certain circumstances, to the solids. 

It is, in fact, in this part of the circulation that its essential 
function is carried on, viz., the establishment of a free interchange 
between the tissues and the blood. * 
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The characters of the capillary network vary in different tissues 
and different organs ; the closeness and wideness of the meshes may be 
said to be in proportion to the functional activity or inactivity of the 
organ or tissue in question, a greater amount of blood being required 
in the parts where' eneigetic duties ore performed. 

The venous radicles arise from the capillary network, commencing 
as tributaries which unite in much the same way as the arterioles 
divide, but they form wider and more numerous channels. They 
rapidly congregate into comparatively large vessels, which frequently 



Fig. l27.~Capilla]7 network of Fat TiBsoe. (Klein.) 


intercommunicate so as to form coarse and irregular jdexqses. The 
general arrangement of the structures in the walls of the veins is like 
that of the arteries ; thej also have three £oats, the external, middle^ 
and internal ; the tissues of each differing but little from those of the 
arteries. The middle coat, however, in the large veins is di^ingiiishcd 
from that of the laige arteries by being much thinner, owing to the 
paucity of yellow clastic tissue. It is also characterised by its relative 
richness in muscle fibre, while the structure of the midille coat of the 
small veins can only be distinguished from that of the arterioles by 
the comparative sparseness of the muscle cells running around the 
tubes. 

The veins are capable of considerable distension, but, though 
possessed of a certain degree of elasticity, they are much inferior to 
the arteries in resiliency. 

In a large proportion of veins, valve-like folds of their lining coat 
exist which prevent the backward flow of blood to the capillaries, 
and insure its passage towards the heart. These valves resemble in 
their general plan the pocket valves that protect the great arterial 
orifices of the heart They vary much in arrangement, there being 
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commonly but two or sometimes one flap or pocket entering into the 
formation of the valve. They are most closely set in the long veins 
of the extremities, in which the blood current has to move against 
the force of gmvity. 

The general aggregate diameter of the different parts of the vascular 
system varies greatly. The combined calibre of the branches of an 



Fig. 1*28.— Diugrum intendod to five an idea of the f^sregate sectional area of the 
different parts of the vascular system. 

• A. Aorta, c. Capillaries. v. Veins. 

The transverse meaKurement of the shaded 'part may be taken as the width of the 
various kinds of ve^>Hel8 supposing them fused together. 

artery exceeds that of the parent trunk, so that the aggregate sectional 
area of the arterial tree increases as one proceeds from the aorta to- 
wards the capillaries. After the muscular arterioles are passed the 
general diameter of the vascular system suddenly increases enor- 
mously, and in the ca])illaries it reaches its maximum, which is 
said to be about eight hundred times as great as the diameter of 
the aorhw 

The aggregate sectional area of the veins also diminishes as the 
tributaries unite to form main trunks, and reaches its minimum at the 
entrance of the vena cava into the right auricle. 

The capacity of the veins is, however, everywhere much greater 
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than that of tlie corresponding arteries, the least difference beinR 
near the heart, where, however, the calibre of the veins is more than 
twice that of the aorta. 

After this brief anatomical sketch the most important properties 
of each different part of the vascular system may be sumniariBed 
thus : — 

1. The structure of the walls of the large arteries shows them to 
be capable of sustaining considerable pressure, and of exert- 
ing powerful tUuiic recoiL 

S. In the small arteries, as well as this elasticity, great varia- 
bility in their calibre, dependent on the contraction of their 
muscular coat, occurs. 

db In the capillaries we find extreme thinness, elasticity, and 
permeability of their wall, which presents an enormous sur- 
face, so as to allow free interchange between the blood and 
the surrounding textures. 

4» The veins have yielding and distensible coats, great general 
capacity to accommodate a large quantity of blood, and 
valves to prevent its backward fiow upon the capillaries. 

Physical Forces op the Circulation. 

When liquid flows through a tube it does so as the result of a differ- 
ence of pressure in the different parts of the tube ; the Hqu^ moving 
from the part where the pressure is higher towards that where it is 
lower. ^ ^ 

The energy of the flow corresponds with the amount of difference in 
the pressure, and varies exactly witli tlie j)res8ure“diirereyce, being 
continuous so long as the pressure is unequal in different jwirls, and 
being interrupted when the pressure ib equalibcd thnmghout the 
tul)e. If liquid be forcibly pumped into one extremity of a long tube, 
such as a garden hose, a jiressure difference ib of course esLiblished, 
the pressure ’oecoming greater at the end into which the liquid is 
pumped, consequently a current takes place towards the open end. 
So long as the free or distal end of the tube is quite oi>en and on the 
same level as the rest, no very great increase of pressun^ can be 
brought to bear on the walls of the tube, no matter how forcibly the 
pumping may go on, as the litjuid easily escajKJS, and therefore flows 
oat all the more quickly as the pumping bi^comes more energetic, 
li^ however, the outflow be impeded by raising the distal end of the 
tube to any conshlerable height, or by partially closing the orifice 
with a nozzle or rose, 4heu the pressure within the tube can be 
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fjreatly increased by energetic pumping, and the tube being elastic 
will swell when distended by the pressure. 

It can be further observed in this common operation that the 
smaller the orifice of the nozzle be, the gi'eater the pressure in the 
tube with a given rate of working the pump ; and, the orifice remain- 
ing the same, the pressure will increase in proportion as the pump is 
more eneigetically worked. Or in other words, the pressure within 
the tube will depend on (a) the force used at the pump, and (b) the 
degree of impediment offered to the outflow. 

If the tube be resilient, and if the nozzle have a small orifice so tliat 
a high pressure can be established within the tube, it will be found that 
the liquid will flow from the nozzle in a continuous stream, and will 
not follow the jerks communicated by the pump. That is to say, the 
interrupted energy of the pump is stored up by the elastic tube and 
converted into a continuous ijressnre exerted on the fluid. But if the 


tube be quite rigid, or the orifice too wide to allow the pressure 
within the tube to be raised Hufficiently high, then the fluid will flow 
out of the end of the tube in jets which correspond with the strokes of 
the pump : that is to say, the 
outflow will follow closely the 
pressure difference caused by the 
pump at the point of inflow. 

Now these simple facts (which 
can he verified experimentally R.H. 
with an ordinary enema bag, a 
yard of elastic tubing, and a 
short glass tube drawn to a i)omt) 
form the key to the most imiau- 
tant dynamic principles of the 
circulation. — of CirovUaHon, ahowiiifr 



The cause of the bloods 
motion is simply a difference in 


lifrht n ii uod left (l.ii.) beairta. and 
the pulmonary ,1*) and tayateaciic (h) gets 
of capillanei*. 


the pressure within the various 


parts of the vascular system, for the heiut acts as the pump filling the 
tube represented hy the large ehustic artt‘ries, which can be more 
or less distended, according as (1) the outflow is inij^edwl or facili- 
tated by the contraction or relaxation of the muscular arterioles 


which foiin the outlet, or as (2) the inflow is incrt^ased or diminished 
by the greater or less activity of the heart’s action. 

From the foregoing facts, and w'hat has Wen said of the direc- 


tion of the blood current, namely, that it flows fioni the artenes 
through the capillaries into the veins, it would then ap][»ear that tbe 
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piesBiurefill^tlie arteries exceeds that in tlie capillaries, and the pressure 
in the ibapHIldies nhist in turn be greater than that in the veins, the 
blood fiowin^fp the direction in which the pressure becomes less. 

The dififerene^ in the manner in which the blood flows from a cut 
artery and a cut vein shows that a great difference exists in the 
pressure within the two sets of vessels. 

When a small artery is cut across and the orifice directed upwards 
the blood is thi-own two or three feet in jerks. When a vein is cut, 
the blood only trickles gently from its orifice, the force depending 
much upon the position of the part ; and it is well known that 
bleeding from a vein in the leg can easily 1 k' stopj^ed by placing the 
limb in a position more elevated tlian the rest of the body, so as to 
remove the force of gravity' from acting on the Idood. 

By means of a special form of gauge (the mercurial manometer) 
— which will presently be described — the exact difference in tlie 
pressure exerted by tb<‘ blood against the vessel walls in the different 
])arts of the circulation can l)e accurately (‘Stimated, and it has been 
found by direct experiment that the bloo<l-pressure \aries just as 
one would be led to exjx'ct from a consideration of its physiail rela- 
tionships, namely, the direction and rate of the current and the 
vaiying width of the bed in which it flows. 

The rate of the fall in pressure observed in the vessels 2 >assing 
from the left ventricle to the right auricle is not even, but in the 
arterioles it falls suddenly, and a great difference therefore always exists 
Ijetween the arterial and venou-j pres.siire (v. p. 240). Since there 
is a permanent high pressure in the ai t^ries as compared with that 
in the capillaries and veins, there can be no difficulty in explaining 
the permanent flow through the ca 2 >illaries from arteries veins. 

The fundamental problem that must l>e clearly undei-stood in 
studying the dynamics of the circulation is, how the high jiressure in 
the arteries is kept up, or, in other words, how the arteries can exert 
so much pressure on the blood when the capillary out-flow is so 
wide and free. 

From the description alicmly given of the action of the heart, it 
appears that each beat of the ventricle jiumps some six ounces of 
blood into the aorta, which blood, though coming to the left ven- 
tricle frcnn the pulmonary circulation, may, on ac(*ount of the exact 
oo-opeiation of the two sides of the heart, be said to be pumped out 
of the systemic veins, and thus, as far as the physical forces are con- 
cerned, the pulmonary circulation may be left out of the question. 
This occurs some seventy times a minute, so that an enormous 
quantify of blood is temoved from the veins and forced into the 
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arteries. The ventricles in filling the arteries have to wjH against 
considerable pressure, and may be said to pump the bhiiiift frem the 
low-i)ressure veins up into the liigh-pressure arterieiyllid this work 
is the cause of the pressure difference between the tw sets dj vessels. 
During the contraction of the heart the ventricular pressure must 
exceed that of the aorta, while during the diastole it falls to that of 
the auricle or even of the great veins. The heart then is the first 
iiud most important agent by which the arteries are kept stretched 
and over- tilled, and tlie veins are emptied. 

A second important factor in enabling the high blood-pressure to be 
kept up, is the resiliency of the middle coat of the arteries. It is only 
<in account of the great elasticity of the arterial w'alls, that these vessels 
are capable of being so over-tilled, and only on account of the perfect 
resiliency of the elastic coat, that they are able to exert such powerful 
pressure on the blood for such an unlimited time. If the arteries were 
rigid tube^?, overfilling them with a fluid itself* inelastic would be out 
of the question ; the outflow from the distal extremity would take place 
exactly when the additional cliaige of blood was injected by the heart. 

With each contraction the ventricle overcomes aiterial pressure^ 
and further stretches the elastic arteiy. But the act of injecting the 
blood into the aoita only occupies about one quarter of each heait 
beat. The semilunar valves bear the pressure of the blood in the 
aorta for the rest of the time. The w'hole force of the \ entricle is 
therefore wsed up in causing arterial distension. During the greater 
part of the time (about three-quarters of the heart’s cycle), the arteries 
are in the condition of ove%-iilled elastic tubes, with their cardiac end 
firmly closed by the aortic valves, and their distal ends open. 

It follows that the bl(X)d flowing constantly out of the distended 
arteries through the capillaries into the veins tends to equalise the 
pressure in the veins and arteries. But why is not this constant 
outflow suflicient to allow the pi^ssure in the arteries to fall to the 
level of that in the veins ? Or in other words, what is the impedi- 
ment offered to the escape of the blocxl from the arteries that thus 
keeps them distended? If the arteries and veins were a set of 
continuous wide tubes of similar construction and capacity through- 
out, it would be impos^^ible for the heart to empty the veins, to 
overfill the arteries, and to establish the great pressure difference that 
nonnally exists. Therefore some resistance etjual to the pressure 
must be offered to the flow of the blood from the arteries into the veins. 

This resistance is made up of several items, of which one alone is 
suflicient to keep up the arterial pressure, namely, the active con- 
traction of the arterioles. No doubt the enonlious increase of surface 
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over whicli the blood has to move in the cai)illaries, and the pressure 
exercised upon them by the siirrounding elastic tissues, impede the 
emptying of the arteries. But that the contractility of the arterioles 
is the most important item, may be seen from the following con> 
sideration. The resistance offered by the capillaries themselves, 
whether by the greater friction or by the elastic pressure, is insignifi- 
cant when comj>ared with the arterial blood pressure, and is far from 
sufficient to restrain the blood from rushing into the veins. This is 
seen when the arterioles are paralysed by the destruction of the 
nervous mechanism controlling them ; the blood then flows readily 
through the capillary network, the veins become engorged, the 
arterial blood pressure falls, and the circulation comes to a standstill, 
in spite of the hearths more rapid beats. We know also that after 
the arterioles are passed the 2 >ressure falls suddenly, and in tlie 
capillary network the pressure is always very low. 

The four great factors then, in keeping up the arterial blood-pres- 
sure, ai*e ; 1, the heart-beat ; 2, perfect aortic valve.s ; 3, the elastic 
resiliency of the large arteries ; 4, the resistance offered by the con- 
traction of the muscular arteriolea. 

If any of these fail, the niechani.'^m of the circulation is at once 
impaired. For example, the heart’s beat may be stopped by the 
Btimulation of the inhibitory nerve fibres of the vagus, in which com* 
the blood pressure rapidly falls, as shown by the cur\'e taken by the 



Pig. ISO.— Tmciiigt thowing the effect of Htimulation of Vagtis Nerve. Stimulus 
mpipliod between vertical linea (Uccordmg surface mo>ed from left to right.) 

graphic method. Or weakness of the heart-beat may arise from 
disease (fatty degeneration) of the muscle, when signs of low arterial 
tension can be recognised in the human subject. 

Any insufficiency of the aortic valves, whose <luty it is to close the 
proximal end of the arteries, that permits the blood to flow back- 
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ward into the ventricle, allows the pressure in the arteries to fall 
between each ventricular systole, so that the characteristic “ pulse of 
unfilled arteries ” is recognised by the physician. 

The resiliency of the arterial coats may also be destroyed to a 
certain extent by degeneration of the tissue, in which case the large 
arteries become greatly distended, and unable to exert their normal 
steady pressure on the blood. 

Injuries of the nerve centres are often associated with paralysis of 
the muscular arterioles, and fall of blood j)ressiire ; but the eflect 
upon the blood pressure of dilatation of the small arteries can be best 
seen by experimenting 
on the neives that con- 
trol their contraction 
in the lower aniinaK. 

If paralysis or inhi- 
bition of the vasomo- 
tor mechanivins be ex- 
perimentally produced, 
the result on tlu* 
arterial j)res&ure is the 
same, namely, a sudden 
fall, which may reach 
zero : all opposition 
to the ouyiow of blood 
from the arteries being 
stopped, they cease to 
be tense, even though 
the venttjcle continue 
to beat and pump the 
blood into them. 

Measurement of the 
Blood Pressure. 



Fig Mereurial Manometer for measTuixig and 
recording the blood prewure. 

•I Proximate l»mb of manometer. 
h Union of two limbs of manometer. 

<’ llie rod floating on mereuiy and canying tbe 
writing pomt. 

d StopH!ock through which the fK)dnmi bicarlH)nat-e 
can be introduced lietween the blood and mer- 
euiy of manometer. 


The first attempt at 
direct measurement of 
blood pressui’e was 
made by the Rev. Ste- 
phen Hales about the 
middle of last century, 
who, wishing to com- 
pare the motion of fluids in animals with tlfat of plants, connected 
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a tube in on artery of a living animal, and found that the blood was 
ejected with consideiable force, and that when the artery of a horse 
was brought into union with a long upright tube, the blood reached 
a height of about three yards. 

The blood itself is not now used os a measure, because so much 
blood leaving the vessels tends to empty them and to reduct* 
the pressure in the arteries ; besides the coagulation of the blood 
soon stops the experiment We now employ tlie mercurial mano- 
meter, which consists of a column of mercury in a (J'^haped tuln*. 



Fig>. 1^2 — Hjc orflmaxT modem form of rotating blackened cybnder (k), which is moved 
hf the clockwork m the box (a) by means of the di^r (o) premnng npon the wheel 
(n), which can be nuaed or lowered by the screw (i , ko as to rub on apart <if the 
duic more or less near the centre, and thus rotate at different rates. The cylinder 
eon be mised by the screw («), whirh ik turned b> the luuidle (t*). (Hermann ) 

To prevent coagulation, the tul>e between the mercury and blood is 
with a solution of sodium carbonate, the pi emtre being regu- 
lated to equalize as nearly as possible tliat of the l>l(Hjd. A rod is ma«le 
to float upon the mercury, in tlie ojien suh* of the tube, and to the 
upper extremity of this a writing apparatus can be attached, so that 
by the movements <»f the mercuiy, a grapltic record of the blowl 
pressure and its variatidh can be traced on a regularly moving surfsce. 
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This instrument, known as Ludwig’s Kymograph, is that used in all 
ordinary measurements and experiments on blood pressure. In order 
to overcome the inertia of the mercurial column, another instrument 
has been devised which will be mentioned in speaking of the cha- 



Fig. 133 . — ^Lvdwiu^s Kvxugrapii with continuous paper. 

§ ♦ 

'Ilie instronient consists of an iron table, above which the recording surface is dowly 
drawn post the writing points from an endless roU of x>aper on the left by the 
motum oi the cylinder (c}, and rolled up on a spindle next the driving-whe^ on 
the light. The mercurial manometers (i>; }irc tixed so that the open ends oome in 
front of the firm roller upon which the imper rests. The writing style be 
seen risingfrom these tubes while the other limbs of the manometers lead throogh 
the stop-cocks to the tubes wJiioh are in <‘ommuni(uitiun with the blood-vessels. 
The time is recorded by means of a pen attiieluHi to the eleetro-magnet (m), which, 
by a “ breaking eJoek, is demagnetised eveiy second. The moment at which a 
stimulus is apjilied is nuirked by a key to which another pen is attached near the 
time-murker. 


racter of the curve (p. 242), When an experiment of long duration 
lias to be made, a recorder with a long rolled strip of jxiper can be 
employed (Fig. 133). 

The modern accurate methods of I'esearch have taught us tlie differ* 
ences in pressure that exist in the various pai ts of the vascular 
system. However, dii*ect measui*ement can only be accomplished in 
vessels of such a size os to admit a cannula, hAice the pressure in the 
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capillaries in the very minute arteries and veins, can only indirectly he 
estimated. The pressure in all parts of the vascular system is subject 
to frequent variations to be presently mentioned, but this table may 
be useful in giving a general idea of the average permanent differ- 
ences that exist in the different vessels of large animals and 
man. 

Large arteries (Carotid, Horse) + 160 mm., mercury 
Medium „ (Brachial, Man) -f- 1 20 mm., „ 

Capillarie.^ of Finger, -|- 38 mm., „ 

Small Veins of Arm 4- 9 min., 

Large Vein of Neck - 1 to ~ 3 inin., „ 



F%. 134.— Disgniin sboning the relative height of the bloud-ptinfiure in the difTomit 
regions of the vcwielfl. 

n. Heart. n. .Irteriolen. r, Hmall vetiut. 

A, Arteries. r. Capil]arM>rt. v. 7ittrg(> v<^in«. 

ji.r. being the zero line, the pre^mre w indicated by the elevation of the furve. 
The numben on the left giv** the prcMim? (approximately) in mm. of mercury. 


If the different parts of the ciI^ulation l>e represented on the base 
line H. A. C- V., these letters con*es|K)ndirig to heart, arteries, 
capilliiries, and veins resj>ectiv(dy, ami if the height of the blood 
premre 1^ representod on the vcHical line in nim. Hg. the curve 
h,a,CtV, would give about the ivlative pressuiv in the various parU 
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of the circulation. This shows that in the receiving chamber of the 
heart tlie pressure is below zero, while the ventricular jmmp drives it 
to the height of the arterial pressure 160 nim. Hg. In the arteries tlie 
])ressure though gradually falling is everywhere high, while ju^t 
before the blood reaches the capillaries, a sudden fall occurs. The 
variation after this is merely a gentle descent until the large 
venous trunks are reached, where the pressure is below zero. From 
a purely physical point of view then, the ventricle may be regarded 
as pumping the blood up to an elevated high-pressure reservoir of 
small capacity (the arteries), from which it rapidly falls by numerous 
outlets into an expansive low-lying irrigation basin (the wide capil- 
laries), whilst it slowly trickles buck to the "well (the auricle) under 
the pump, which lies below the surfaccj pressure. 

From this diagram the following points can be gathered : — 

1. The great difference between the prei^sure on the aiterial and 

venous sides of the circulation. 

2. The comparatively slight difference in pressure in the different 

parts of the arterial or of the venous systems respectively. 

3. The HuddennesK of the fall in the pressure between the small 

arteries and the capillaries, where the great resistance to 
the outflow is met with. 

4. Ill the laige veins the pressure of the blood is habitually 

1j|j1ow that of the atmosphere, only becoming positive during 
forced expirations. 


• Variations in the Blood-Pre.ssure. 

If the blood pressure be recorded with Ludwig’s Kymograph, a 
tracing will be obtaiu(*d, which shows that the p^es^^ul’e undergoes 
l)eriodic elevations and depressions of two diffeivnt kinds. The 
smaller oscillations are found to correspond with the heart-beat, the 
lai’ger waves have the same rhythm asilie respiratcu y movements, and 
the average elevation of the mercurial column is spoken of as the 
mean pressure. In the large arteries of the warm-bh)Ofled auimal^» 
this mean pressure varies with the size of the animal from 90 mm., 
mercury, to more than 200 nmi. In cold-blooded animals it is oom- 
jiaratively low, from 22 mm. (frog, Volknuinn), to 84 mm. (laige 
fish). 

The general mean pressure in the arteries is increased by : (1), 
increased action of the heart ; (2), increased coli traction of the nius- 

R 
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cular coat of the arteries ; (3), sadden increase in the quantity of 
blood. When the change is giadual, the vessels adapt tliemselves to 



Fig. 135. — Blood-pressure Curve, drawn by mercuiuil manouioter. U—jr— iseioline 
y — jf'=- curve with laige respiratory waves and small waves of heart impulse. A 
scale is introduced to sfiiw height of pressur^ in c c c 

the increase. The opposite of tliese conditions may be said to lla^ e 
an oppo.site effect. 

The character of the change in ])ix8^nre vhicli accompanies the 
heart's fey^tole, is not exactly shown in the tracing obtained by tin* 
mercurial manometer, owing to the sluggi-hne^s of tin* movement (»f 
the mercurial column vhich, as it were, mbs (»ff tin* a])ic(‘8 of tin* 
curves. But with the spring Kymograjh of P'ick, tlie details of tlu^^e 
oscillations are marked. Tliey are of couise s} nchiouous with the 
arterial pulse, and follow the vaiiatifdis of tension, as will be de- 
scribed when treating of that subject. (See Figs. ]3(> and 137.) 

The cause of the iuidulati<»n« in the blood-pre-^sure curve coiTespon<l- 
ing to tlie respiratoiT in(>venients is not quiU* ho sinqde us it might aj)- 
pear to be at fii'st sight, and it has ofU^n been ini''nnder.Htood. Though 
many causes have bji-n given, no single one aj»p(*arH to explain 
adequately all the changes that may occur in this phenomenon under 
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varying circunastancee. At first sight the respiratory movements and 
consequent pressure changes within the thorax would seem to give a 



• Fig-. Fick’s Spring Manometer. 

A hollow C-ehaped spring (a), made of extremely thin metal, is lixed at (6 6) where its 
ca.vity communicates with t^ tube (k). The to]» of the C is connected at (a) 
with the writing lever. Any increase of pressure in the tube (a) causes the 
spring to expand and move the WTitiiig point (o) up and dc»wn. 

• 

simple mechanicijl exjdanation. But if the change occurring in the 
intra-thoracic pressure be examined ctirefully, it will be found not to 
coriespond exactly with the so-called 
respiratory wave of the prt'ssure curve in 
the arterial system. Owing to the lungs 
being very elastic and constantly tending 
t o sliiink away from the costal pleura, as 
may be seen when the thoracic ciivity is 
opened and the lungs collap.'^e, the pres- 
sure in the pleural cavity is less than 
that of the atmosphere Avbich distends 
the lungs, t.e., the pleural pressure is 
negative. All the viscera in the tliomcic cavity arc habitually under the 
influence of the negative pressure. Tims the elastic lungs exert a kind 

K 2 



Fig. Titicing of blood-pres- 
sure taken with Fick’s man* 
umctrr. 
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of traction on tlie pericarilium, and tend lo cause a negative pressure 
within the heart and great systemic vessels, both arteries and veins. 
The influence is of coiirs<‘ greater in the thin walled veins in wdiich 
the pressure is minimal, than in the thick walled arteries where tlie 
pressure is so high, that they feel but little the intrathoracic decrease. 

The amount of traction exercised on the pericardial contents by the 
lungs vaiies with the respiratory movements, being slightly increased 
during inspiration, and decreased during expiration. The differences 



138.— Blood-i)rej^hiire and lU'-pimtorj 'J rt sj7i( hiYmounly— r(‘oordinff 

surface movincr from rig-ht to left— showms that the variation** in pre.«wure in the 
arteries (continuous line) and in the tlioraoic rarit.v (dotted lino) do not exactly 
correspond, the latter continuing to fall after tho bloml pressure has commenced 
to issue. 

which are thus produced however din ing oidinarv respiration arc 
very slight (probably 1 mm., mercurv); when compared with the 
mean negative pressure, which, while tlie thora.v i'* in an intermediate 
state of extension, is probably alioiit 10 nun., iiieicury. slight a 
variation b & 1 mm., mercury, could not, by direct action on the aortie 
arch, cause the change of several millinn'Ires wliich wc see in tlie 
respiratory undulation in the arterial pu'^sure. We must, therefore, 
seek the explanation in the changes it causes in the great veins. 

It haa l.»een suggested that by facilitating the flow fnim the great 
veins into the thorax, by a kind of sucking a* t ion, the amount of blood 
enteiing the right auricle dining insjiiration may lx* increased, and 
thus the left ventricles may be better filled and made to beat more 
actively, so as to cau.se an elevation in tlie arterial pressure. 

But this view appears to leave the jiuhnonary circulation out of the 
question in a way hardly justifiable, since it must be traversed by the 
blocxl liefore the increased iiispiratorv inflow to the right auricle can 
affect the left ventricle or the systemic arteries. 
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The seciiience of events may he read as follows. During inspira- 
tion the negative pressure on the right heart is increased ; the atmo- 
spheric pressure acting on the tributaries of tlie superior vena cava is 
unchanged, while the pressure in the abdominal cavity is increased, 
and the inferior vena cava conij>re88ed by the muscular action. The 
blood tlien hows more readily during inspiration into the right heart, 
and consequently the lungs receive a larger supply of blood during 
this i)eriod. In expiration the negative intrathoracic pressure 
becomes less negative, tlie compression of the abdominal viscera is 
relieved, and the flow into the auricle loses somewhat in force. 

It must be carefully borne in mind that the left side of the heart 
works under different conditions, for the same variations of pres- 
sure afl’ect both the imlmonary veins and the left auricle equally, 
since they are both included in the thoracic cavity, and are both 
subjected to a slightly varying negative pressure. The aid given to 
the flow into the right heart by the low intrathoracic pressure is quite 
absent on the left side ; so that the thoracic movements do not exert 
tuiy influence on the flow of blood from the pulmonary vein to tlie 
systemic arteries. But ^vhile inspiration is taking place the lungs 
receive a larger supjily of blood ; and from the relative amounts of 
blood in the different organs it is probable that this slight excess, 
having passed the lungs, arrives at the left ventricle at the period 
of expiration. Thus, during expiration the left ventricle receives 
from the l^iigs and ejects to the systemic arteries an amount of blood 
slightly in excess of that which it receives and ejects during inspiration. 
This may have a direct elf^t on the pressure in the great arterial 
trunks. But it is more than probable tliat excess of blood in the 
heart cavities acts as a nei’vous stimulu.^, and excites the inhibitory 
centre of the heart and the <lejux*ssor centres whidi coiiti*ol the 
arterit)le.s. 

The adoption of tliis view a})pears necessary from the following 
facts : — 

(1.) The rise in pressure is not exactly synchronous with expira- 
tion or inspiration : 

(2.) The heart beats more slowly duiing expiration than in- 
spiration : 

(3.) This difference at once disappears if the vagi be cut, and 
the resjiiratory wave becomes greatly motUficd : 

(4.) Tlie respiratory wave is observed when ai’titicial respiration 
is employed, in which the forcing of air into the lungs is 
the cau»€^ and not the remits of tlie thoiucic movements, 
so that the pressure effects are I’eversetl. 
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The diminution in the pulse-wave in the smaller arteries chiclly 
depends upon the fact that tlie force of the wave is used up in 
distending the successive part of the arteries. In the small arteries 
the extent of surface to which the pulse-wave is communicated is 
enormous, and thereby the wave is much decreased. Moreover, it 
is probable that reflected w'aves pass irom the peripheral end of the 
arterial tree, and meeting the pulse-wave in the small arteries help 
to obliterate it. 

The iuilse-wave can easily be sht»wn to take some time to pass 
along the vessels. Near the orifice of the aorta the arterial disten- 
sion occuj's practically at the some time as the ventricular systole, 
but even with comparatively rough methods the ladial pulse can 
be eb.-^erved to be a little later than the heart-beat. The dit- 
feience of time between tlie pulse in the facial ajid the dorsal aitery 
of the foot lias been estimated to be one-sixth of a second, and the 
difference in the distance of these ves^'cls from the In ait about 
l,50ti mm., so that the rate at which the })ulse-wave travels is 
nearly 10 metres per second. , The velocity of the wave is said to be 
regulated by the degree of elasticity in the walls of the vessels, 
and it would appear t<» be (piicker in the lower than in the uj^per 
ext^elnit3^ 

The time that the wave takes to pa^s any given point must be 
equal to the time taken to produce it, that is to say, the time the 
ventricle occupies in sending a new charge of blood into the 
aorta, which is about one- third <»f a second. Knowing the late at 
which the w'ave travels (10 m. per sec.) and tlie time it takes to 
pass any given point sSc.) its length ma5 be calculated to be about 
three metres, or about twice as long the longest artery. Thus 
the pulse w^ave reaches the mo.'^t distant ailery in one-.5ixtli of a 
.second, or about the middle of the ventricular systole, and when 
the wave has quite passed from the arch of the aorta, the summit of 
it has only just reached the arterioles 

Numerous instruments have been invented for tlic <lemon.stration 
and graphic representation of the pulse in the human Ixing. Of these 
the one most commonly used is Marey’s Sjdiygmograidi (Fig. 139), 
by means of which a graphic recor<l of the pulse is made, in the form 
of a tracing of a seiies of elevations and ilepressions (Fig. 140). The 
elevations correspond to the onset of a wave, and the ilejuessioiis to its 
departure, or to the temi>orary rise and fall of the ailerial pressure. 
In the falling part of the curve an irregularity caused by a slight 
second wave is nearly always seen. This is called the dicrotic wave, 
Sometimes there are nv>re tlnui one of tliese secondary waves, the 
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most constant of which is a small wave preceding the dicrotic, 
called pwdicrotic; but the dicrotic is always more marked than any 



Fig. 1 -Maiuj’a Sphjgniogiajih. 

The frame (u, b, b) is fastened to the wrist by the straps at b, b, and tiio rest ol the 
instrument lies on the forearm. The end of the st rew (v) rests on the spring (r;, 
the button of which lies on the radial arterj*. Any motion of the button at b is 
communicated to v, which moves the lever (u) up and down. When in position, 
the blackened slip of glass (lO is made to mo^e evenly by the tloekwork (n) so 
that the writing point dravis a record of the movements of the level. 


other. Several waves of oscillation can he seen as a gradually de- 
creasing series in tracings taken from elastic tnhes, hut we cannot 
say positively that they occur in the arteries. When several secondary 
waves exist in the pulse cun’e the smaller ones prohahly depend on 
oscillation^caused by the lever of the instrument. 

The dicrotic wave does not depend on the instrument, because the 
skilled finger laid on thera|Jial artery at theorist can easily detect it, 



Fig. 140.— Tmcing drimi bj Maro>’t» Sphjgniognipb. The surfiuc moved from right 
to left. The vertical upstrokes show the ix'riod whem the sluH'k is given by 
the systole of the ventricle. The upper wave on the dovmstroke shows when 
the bl^d has ceased to enter the aorta. Then comes tlie dicrotic depression 
which is a negative wave produced by the momentary backflow in aorta, and the 
dicrotic elevation caused by the closure of the valves. 

and it win be directly seen in the vessel when the pulsation in the 
arteries is visible, or w hen a jet of blood esenj^es from an artery. 

When a new charge of blood is shot into the aorta the elastic wall 
of the vessel is suddenly stretched. At the»same time a shock is 
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given to the column of hlood, and the fluid next the valves is moved 
forwards with great velocity. Owing to its inertia the fluid tends to 
pass onwards from tlie valves, and thus allows a momentary fall in 
pressure which is at once followed hy the reflux of the blood and 
the forcible closure of the valves. 

The first crest or apex of the pulse curve corresponds to the shock 
given by the systole, and is greatly exaggerated by the inertia of the 
lever. Tlie crest of the predicrotic wave marks the moment when 
the blood ceases to flow from the ventricle, and therefore it is the 
real head of the pulse wave. 

The dicrotic wave has been explained as (1) a wave of oscillation, 
or (2) a wave reflected from the i>eriphery. If the former, it should 
be less marked than the predicrotic, w^liich by this theory is said to 
be the first wave of oscillation, for each succeeding oscillation is less 
than its foreninner. But, as already mentioned, the dicrotic is in- 
variably the laiger. 

There are many reasons why it cannot be a wave of reflection from 
the periphery of the arterial tree ; \iz., 1. Its curve is not nearer 
the primary wave when the peripheral vessels ar(* approached. 2. 
The arterioles which fonn the peripheral rosishince are at too in’egular 
distances to give one definite wave <4 reflection. 3. It is seen in 
the spurting of an arteiy cut oft' from the periphery. 4. It increases 
T\ith the greater elasticity and low tension, while the reflected waves 
diminish. 

The dicrotic notch depends upon a negative ^vave caused by the 
sudden stop of inflow and the momentary reflux of blood before the 
valves are closed ; and tTie dicrotic crest is no doubt ]>roduced ]>y the 
closure of the aortic valves, at which moment the sudden check given 
to the reflux of the blood column causes a positive centrifugal wave 
to foUow the primary wa^'e of the x>ulse. 

The view that the reflux of blood and the closure of the valves 
produce the dicrotic wave is supported by the fact that the condi- 
tions which increase the dicrotinm — viz. (1) sliaq) strong systole, 
(2) low' teiLsion, and (3) i>erfect resiliency — proiiiote the r(*coil and 
closure ; and, on the other hand, tlie conditions which dimini.di 
the dicrotic wave in the most maiked d«‘gree, are (1) inefiiciency of 
the aortic valves, and (2) a rigid calcareous condition of the arteries. 

It can be shown by means of an elastic tube, fitted with a suitable 
pomp and sphyginographs, that when its outlet is closed a poaitive 
wave is reflected from tlie distal end back to the jiump, and when it 
is open a negative centripetal w'ave is reflectetl This fact assists us 
in explaining the variations in the character of the pulse curve of the 
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radial artery where the equidistance of the derived arterioles enables 
the reflected waves to have considerable effect. When the arterioles 
are constricted (a condition corresponding to the closed tube) a posi- 
tive wave centripetal is reflected and is added to the pulse-wave so as 
to diminish the dicrotic notch, and give the curve known as charac- 
teristic of “high tension’’ imlse, as in Bright’s disease. (Fig. 141, 
II.) On the other hand, when the arterioles are widely dilated (cor- 
responding to the open condition of the tube) a negative wave is 
reflected, and is subtracted from the force of the pulse-wave so as to 
exaggerate the dicrotic notch, and give the tracing characteristic of the 
“ low tension ” pulse seen in fever, &c. (Fig. 141, TII.) 



ri}?. m. 

I. Soljome of Normal Pulse Cuito : rr, Entrance of ventricular stream into the aorta, 
the lever is jerked too hiffh to reach * ; nh shows real summit of waves ; fr, point 
at which stream from ventricle ceases ; r, nep^ti%'e wave caused by (1) sudden 
cessat^n of inflow and slipht rt‘flux of blcMKl ; xmint of closure of aortic 
valves ; e, positive wave from valves (dicrotic wave) . The time maybe measured 
on abscissa at a' 1/ d'. 

II. Scheme of High Tension P#lse Our^'o. a. Curv# of radial pulse, which is the 
resultjint of rt‘flected wave <• added to the primary eur\'e b. 

IH. Scheme of Low Tension I’uLse (Unve : a . Kadial pulse cuitp, which is the resultant 
of thm fifffdtiw reflected wave c. subtracted from the primary wave b. (After 
Grashey.) 


The mean rate of the pulse varies in ditferent individuals, seventy- 
two per minute being a fair average for a middle-aged adult. It 
varies also witli many circuinstauces, which must be borne in mind 
in taking tlio pulse as a clinical guide. 

1. Aye, At birth it is about 140 per minute, and is, generally 
speaking, quicker in young tliaii in old people, commonly falling to 
CO in aged persons. 

2. Sex. It is more rapid iii females than in mal(‘s. 

3. Fosition. It is quicker standing than lying, particularly if a 
patient who has been lying down, stand or sit u\», the pulse becomes 
more rapid. 

4. The time of day. It gains in rapidity in tl!e monung till 9 o’clock, 
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And in the evening till 6 o^clock, and falls in the day tune^ being 
at its minimum at midnight. 

6. Muscular exercise quickens it 

6. It is quicker during inspiration than expiration. 

7. It increases with increase of temperature. 

8. It is vaiiously afiected by emotions. 


Velocity of the Blood Current. 

Tlie velocity of the blood must not be confounded witli the velocity 
of the pulse wave w’hich bears to it the same relation as the surface 
waves on a river do to the rate of the stream of water. 

It has already been mentioned that the general bed of the blof)rl 
increases from the aorta to the capillaries, and decreases from the 
capillaries to the vena cava, on account of the branches or tributaries 
of nearly every artery or vein being collectively of hirger area than 
the vessel from which they spring or to which they may lead ; or, in 
other words, if we imagined the w hole vascular S 3 " 6 tem fused together 
into one tube it would form two somewhat irregular cones, one cor- 
responding to the arteries and the otlier to the veins, with tluur bases 
placed at the capillaries and their aiuces at the heart. Between tlie 
two a still wider aggregate would represent the capillaries. Com]mi e 
Fig. 128, p. 231. 

Since the same quantitj^of blood must pa^s through eaclf section of 
these cones in a given time, the rate at w liich it flows must vary greatly 
in the different parts, beiftg taster in propel tion as the diameter of the 
part is narrower, in accordance Avith the well-kno\vn ifliysical law 
that with the same amount of liijuid fldwuiig its velocity changes 
inversely with the diameter of the tube. Thus, tlie mean velocity of 
the flow in the arteries becomes slower and slowiT as the capillaries 
are approached, and in the wdde bed of tlie lattei' the rate of the 
current is reduced to a minimum. In tlie small veins tlie rate is 
slower than in the larger tiunks, but on the venous side its rapidity 
never reaches that of the aorta, w'heie it may be said to move at least 
twice as quickly as in the vena cava. 

The following table may be useful in giving a general idea of the 
average velocity in different jarts of the circulation : — 

Near valves of aorta — w^hile the ventricles are contract- 
ing it reaches 1200 mm. per sec. 

Descending aorta . . 300 — 600 

Oarotid . . . . 205 — 357 
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Radial . 

. 100 

mm. per sec. 

Metatarsal . 

. . 57 

yf 

Arterioles 

. 50 


Capillaries . 

. . *5 

yy 

Venous radicles 

. 25 

)> 

Small veins on dorsum of hand 50 

» 

Venre Cavee 

. . 200 

yy 


In the aorta near tlie valves the Wood current vaiios in rapidity, 
hecause the ilow through the aortic orifice is intermittent, and this 
variation must be more or less communicated to the iieigbouring arteries 
in the form of an increase of rapidity coincident with the beat of the 
arterial pulse. The variation in the rate of the blood-flow wliicli is 
caused by the heart-beat diminibhes with the force of the pulse as the 
Riufiller arteries are approached, and finally ceases completely in the 
capillaries where iind^u* ordinary circumstances the flow is pei f(‘clly 
continuous. In the first part of the aorta the velocity of the blood- 
flow is reduced to nil after each ventricular beat, while in the capil- 
laries no change is perceived. Between these two extrenn^s all 
gradations maybe found, wliich follow the same rules as the pulse. 

The general mean velocity varies directly with the blood pressure, 
which bears iui inverst» relation to the calibre of the arteries, and 
further, the mean velocity in any one artery, and its branches, will 
vary with the diainet(*r of tli(‘ vessels, wliicli are constantly under- 
going locaf changes in si/e. 

Generally speaking, cpiidv heart -beats cause increase in velocity of 
the stream, but no definite or invariable relation exists between the 
two, the '\^8omotor influences having, no doubt, much more effect 
than the heart-beat on the rate of the stream in the smaller vessels. 

In looking at the blood i)assing through the small vessels of a 
ti*ansi)arent tissue, sucli as the frog’s tongue or web, it appears that 
tlifferent parts of the column of fluid move with ditferent velocities. 
Down the centre of the stream the red corpuscles are seen coursing 
ra])idly, while between the central x)art and the vessel wall on each 
side a pale line of plasma can be recognised, which seems to flow 
more slowly and to cany with it only a few white corpuscles. 

In the veins the velocity varies enormously with a variety of cir- 
cumstances wliich have little or no effect on the arterial flow. Thus, 
the position of the body or limb, the activity of the neighbour- 
ing muscles and the respiratory movements alter it, but as a general 
rule the flow in the veins is pretty steady, there being no pulsation or 
corresponding variation of velocity. In the large vessels the onward 
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flow is affected by tlie contraction of the auricles. During the auii- 
cular systole the veins cannot empty themselves, and therefore there 
is a slight check to the onward flow, and the velocity of the current 



Fig, 142.— Snaall portion of Frog" a Wcfb, very biffldy magnilied. (Hiudcj'.) 

A. Wall of capillary vesaela. k. rigrocnt cells contracted. 

B. Tiatme lying between the capillaries. r. lied rrorpuacles (ova in the frc^). 
Epithelial cells of skin, only shown in o. it. It4?d corpuscles squeezing their way 

part of specimen where the surface is through a narrow capillaiy', showing 

in focus. * their elasticity. 

V. Nuclei of epithelial cells. i. White blood cells. 
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is accordingly reduced. In cases where the auricles are dilated and 
distended with blood this may cause a definite pulsation, which be- 
comes visible in the great veins of the neck. 

Work done by the Heart. 

This can only be determined when the mechanism of the vessels 
is understood. The amount of work done by any form of engine 
may be expressed as so many kilogrammetres per hour. That is to 
say, tlie numbers of kilogrammes it could raise to the height of one 
metre in that time. 

The left ventricle moves with each systole about 0T88 kilogrammes 
of fluid against an arterial pressure corresponding to 3*20 metres 
height of blood, ix., 0*188 X 3*21=0*604 kilogrammetres for each 
systole. This at Vo per minute for 24 hours would be — 

0*604 X 75 X 60 X 24=65,230 kilogrammetres. 

The right ventricle does about one-third as much work as the left, 
making a total of 86,970 kilogrammetres for the ventricles. Or, in 
other words, the heart of a man weighing twedve stone does as much 
work in twenty-four hours as would be required t(> lift his body 1248 
yards into the air, i.e., nearly ten times as high as the top of St. 
i^uirs Cathedral. 

Controlling Mechanisms of the Blood-Vessels. 

Motor Xervea^ 

That the arteries possess(*d, as well as elastic resiliency, vitjil con- 
tractibility which regulated the amount (.>f blood flowing to any given 
l)art was well known to John Hunter. 

The muscle cells have also been long since clearly demonstrated in 
the middle coats of the artei ies, but nothing was known of the nervous 
channels which bore the stimulus to the vessels, iu‘ the nerve centres 
which regulated their contraction, until ctunjmra lively recent timi‘s. 

The first knowledge concerning special ner^'ous arrangements for 
the control of the muscular wall of the ves>el wa^ given to us by 
Claude Bernard, in his notable experiment of cutting tlie s^unpathetic 
nerve in the nock, which wiis always followed by an increase in tem- 
perature of that side of the head, and a great expansion and over- 
filling of the arteries. 

It was further observed that stimulation of tlie siq^erior ganglion of 
the sympathetic brought about an opposite result, namely, a loss of 
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temperature and contraction of the vessels on tlie same sule as the 
stimulus was applied. If the stimulus was much increased, the 
vessels contracted much more than the normal amount, but on 
cessation of the stimulus they became greatly dilated above the 
normal point and the temperature rose again, but after a time the effect 
of the stimulus gradually passed off. From this it was concluded that 
the sympathetic in the neck conveyed to the muscles in the blood- 
vessels im])ulses which caused a certain amount of habitual contrac- 
tion of the vessel wall, which was called ionic co//f/oc^nni,coiTesponding 
to what was alrefidy recognised as arttrUd (ont\ When the nerve was 
divided this tone dist4p])eared, but when gently stimulated it reap- 
peared, and when more strongly stimulated an exaggerated contraction 
set in causing complete occludon of many of the vessels. 

Subse<|iient expeiiments have shown that all the vessels of the 
body are supplied with similar vaso-motor nert'es, section of which 
destroys their tone, while their stimulation causes contraction of all 
the vessels in the territory preside<l over by the stimulated ner\ c. 

Experiment has also shown that these nerves come from the 
cerebro-^ipinal axis, passing out from the spinal cord as “ communica- 
ting nerves,” commonly becoming associated with the sympathetic 
chain, and are distributed to the vessels either as special nerves, 
branches of tlie sympathetic (as the splaiichnics), or vith the general 
perij)heral nerve trunks. 

The nerve centre, which governs the vast majority of the vaso-motor 
channels, lies in the upper part of the medulla oblongata in the floor 
of the fourth ventricle, ^liis is proved by two facts ; 1st, most of the 
brain may be removed without diminishing the arterial tone ; and 
2nd, if the spinal cord he cut below the medulla (artificial respira- 
tion of course being kej)! up) the mean blood i>ressure is found to fall 
immediately almost to zero, wliich is due to the relaxation of the 
smaller arteries consequent on the ]»aralysis of their muscular coat. 

The same can be seen in the web of a frog, in which the medulla 
ha.s been destroyed (pithed) while the circulation is being studied. The 
small arteries dilate and the pulse becomes apparent in the cajdllaries, 
and even in the veins. From these facts it seems highly probable 
that in the medulla oblongata a vaw-motor centre exists, which 
regulates the contraction of all the vessels, and keeps them 
constantly more or less contracted ; the centre receiving some con- 
tinuous stimulation, which results in a slight general vascular con- 
striction or arterial tone. The existence of such a centre in the 
medulla, and of ner\'e channels in the cord leading from such a centre 
is made certain by the ftict that if a gentle stimulus be applied to a 
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certain part of tlie medulla, or just below it, simultaneous general 
vascular constriction sets in and is indicated by a great and sudden 
rise in the blood ])ressure. 

The action of the vaso-motor centre can be increased, and thereby 
the tone of the vessels elevated, and the pressure raised, either by 
(1) direct or (2) reflex excitation. If the blood flowing through the 
medulla conbiins too little oxygen or too much carbonic anhydride 
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Fig. 143. — Kjin()grsiphi(’ tracing sshrming the effect on the hlood-pressure curve of 
stimubitmg the ( ential end ot Die dciireasor iieiTC in the rabbit. The recording 
surface moving from left t% liglit. (< ^ (‘onimcReement and (o) cessation of 
stimulation. Theit' is eonsider.ihlp delay (latency) in both the i roduction and 
cc.ssation of the eft'eet. ( i ) Marks the mte at Nvhi(^ the recoiding surface moves, 
and th#lino l)(*low is the base line. (Foster ) 


it stimulates the ceiitix* directly and the blood pressure rises. This 
may be seen by temporarily suspending artificial respiration during 
an experiment on blood ]>ressure. Reflexly the activity of the vaso- 
motor centre can be increased by (1) llie stimulation of any laigc 
sensory nerve, or (2) by siidilen emotion (fear). 

The tone ot the aiteries may Ik* diminished by lessening the 
activity of the vaso-motor centre by the stimulation of a i>eculiar 
afferent nerve, the anatomy of which has been made out in the rabbit, 
and probably has its analogue in man, and which passes from the 
inner surface of tlie heart to the medulla. Tlie effect of .stimulation 
of this nerve in lowering the pressure is so great that it has been 
called the depressor nerve. Some emotions {shanve) may also reduce 

s 
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the activity of the centre, as is seen in blushing, which is simply 
clilatation of the facial vessels. 

Besides this chief vaso-motor centre it is probable that in the 
higher animals, as certainly is the case in the frog, other centres are 
distributed throughout the spinal coid which seem to be able to take 
the phicc of the gieat })rimary centre. For after the spinal cord has 
been cut high up, the hinder extremities more or less recover their 
vaso-niotor power in a few days, and destruction of the lower part 
of tlie spinal cord causes renewed vaso-motor paralysis. In frogs this 
is verj" well marked, the centres being less confined to the medulla 
than is the case in the more highly organised animals. 

During recent times numerous investigations on the subject of 
vaso-motor nerves have, no doubt, thrown much light on the 
subject, but these inquiries have not made the nerve mechanism by 
which the Vitrious vascular areas are governed so dear or so obvious 
as might be wished. 

In order to explain and reconcile the various ex])cri mental truths 
on this subject (too numerous to be mentioned here), we must suppose 
that the vaso-motor nerve mechanisms are very eomidcx. The su])- 
positioii of some such ariangements as the following may help to 
simplify the matter in some degree to the student. 

1. The blood-vessels have muscular elements which, though com- 
monly controlled by neiwes, are capable of automatic activity. A fri‘e 
supply of arterial blood is a sufficient stimulus lor their moderate 
action, and mechanical or other stimulus is capable of exciting in- 
creased constriction. We know that such automatic contractile 
elements exist in some of the lower ahimals (snail’s h(*urt, hydra, 
&c,), and we have no reason to doubt their existence in mammals. 
Moreover, such a hypotliesis obviates the necessity of suj/posing that 
local nerve elements exist, wdiich A\e cannot recognise morpho- 
logically. 

2. In the medulla oblongata (in clo^e relation to the centi-es 
governing the respiratory, cardhic, intestinal, and other movements 
subservient to the vegetative part c»f the e conomy) tljerc exist nerve 
centres which constantly (‘xert an important influence over the 
activity of the vessel muscles. These groups of neive cells called the 
mso-nwior centres^ fire intimately coniiec*U*d witli the centres which 
preside over the functional activity of various organs and parts, 
and are also closely related to the nerves coming I’rom all parts of 
the circulatoiy appamtiis. From these centies impulses of two 
distinct kinds may emanate, the one increasing the action of the 
conti'actilc elements, acid the other inhibiting it. 
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3. Direct communication between this vaso-motor centre and the 
contractile elements in the middle coat of the blood-vessels is kept uj) 
by means of efferent nerve channels of difterent sorts, some bearing 
stimulating (vaso-constrictor) others inhibitory (vaso-dilator) impulses, 
these being conveyed by nerve fibres which run side by side in the 
same nerve cord. 

4. The activity of the contractile elements of any given vascular 
area may be altered by impulses arising from different sources, 
(a.) Local influences under ordinary circumstances are brought but 
little into i^lay, but, if cut off from the nervous centres, are capable 
of controlling the local blood supply by changing the degree of 
arterial constriction. O.) Central influences from the medulla, are 
habitually in action, affecting all the vessels and keeping up the 
vascular tone. These impulse's are variously modified by changes 
occurring in distant j)arts of the circulatory ap]>aratiis, and can be 
legarded as a general regulating mechanism. ^J^hey probably pass 
through the sympathetic chain, (y.) Special influences, which are 
associated with the functions of the different parts and organs, are 
only called into operation during the performance of the function, 
whatever it may be. These impulses ])rubably are conveyed by 
the same nerves as excite the various foi ins of functional activity, 
namely, ordinary peripheral nerves. 

These three sets of influences aie variously brought about in dif- 
ferent parts, and thus we find that section or stimulation of the 
different neives gives vaso-motor effei’ts which appear contradictory. 

Section of a sensoiy ner^e causes telnl)org^ry vaso-motor i)aralysis, 
owing to the tonic constrictor influence being cut off. Stimulation of 
the peripheral stump causes vaso-cuiistriction from excitatitai of the 
same fibres. 

The stimulation of a motor nerve-fibre causes an incrciise in the 
flow of blood, or in other woids, is associated with a vaso-dilator 
effect, probably dependent on the inhibitory effect of certain centri- 
fugal fibres which control the local agencies. 

Thus we must suppose lluit there exist hx*al agents under tlu* 
control of the medullary centres, and that there are two distinct 
efferent and afferent sets of exciting and inhibitory fibres passing 
between the centre and periphery, along two }H.Tfectly distinct 
routes ; one being in the direct tiack of the oixUnary functional 
nerve of the part, the other being in the sympathetic, which to a great 
extent runs along the vessids themselves, and forms most intricate 
netw^orks capable of cariydng ini])ulses in all imaginable directions. 
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THE MECHANISM OP RESPIRATION. 

Ih its course tbrougli the circulation the blood undergoes a series 
of necessary modifications. The condition of the fluid is thus con^ 
stantly being altered as it passes from one part and organ to another. 

It has already been seen that a quantity of nutrient material is 
taken up hy the blood on its my through the capillaries of the 
alimentary tract. Further, a stream of lymph and chyle is constantly 
pouring into the great Tenons trunks, so that from two sources the 
blood is steadily increased in quantity. But the most urgently 
essential addition to the circulatory fluid is that which it receives in 
the capillaries of the lungs. All the blood pisses through these organs, 
in order that the changes taking place in the general systemic capil- 
laries may be counteracted in the lungs. These gas interchanges will 
form the subject-matter of the present chapter ; and the more special 
modifications which the blood undergoes in the ductless glands, the 
spleen, the liver, &c., as well as in the kidneys and other excretory 
glands, will be considei'td iu subsequent chapters. 

As has already been pointed out (Chapter V.}, an aniquil during 
its life may be said to use the substances supplied to it in food as 
fuel, and thus to acquire the eneigy which is bound up in them, fur 
the activities of the various tissues are really combustions, being 
invariably associated with an oxidation of some of the carbon 
compontids, so as to i)roduce carbon dioxide and water. In onler 
that the stmetures may undergo this change th^ nm.st have a 
ready supply of oxygen constantly lat hand, and moreover the car- 
lioH dioxide which is formed in the process must be removed, or 
fdrriier combustion would be frustrated. A regular income of oxygen 
and a regular output of carbon dioxide are then essential to life ; 
baaoe we find in almost all animals special arrangements by means 
of which these gases can find their way to and from the tissues and 
extemal air respectively. These gas interchanges form the very 
imporiant functioa of feespiiation. 
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Here, as in the case of the nutritive materials, the blood acts as 
the carrier between the tissues and the outer world. The pubnonaiy 
half of the circutation is devoted to the gas interchange between the 
blood and the atmosphere, and is sometimes spoken of as extenuU 
respiration. The gas interchange between the blood and the tissues 
goes on in the general systemic capillaries, and has therefore been 
spoken of as the internal or tissue respiraHon. 

The special arrangement for the taking up of oxygen from the air, 
and for the giving up of carbonic anhydride to the air is named the 
pulmonary apparatus. In mammalia this is so far x>erfected that all 
the necessary gas interchange can be carried on by the lungs, and the 
respiratory inHuence of the external skin or the mucous passages may be 
regarded as insignificant. But it should be remembered that when- 
ever the blood is in close relation to oxygen, as in the case of 
swallowed air, the oxygen is soon absorbed by the blood. 

In the lower animals the cutaneous surface aids very materially in 
respiration, and thus frogs can live from this cutaneous respiration 
alone for an almost indefinite time. 

In the lungs the change consists in oxygen being taken from the 
atmospheric * air by the blood and carbonic anhydride being given off 
from the blood to the air. In the capillaries, on the other hand, the 
blood takes the carlK)nic anhydride from the tissues, and yields to 
them a great portion of its oxygen. 

In tlie^lowest class of animals amoeba) we find no special 
organs for the pui'pose of respiration, the gas interchange being suffi- 
ciently provided for by th^ exposure of th^ geneitd surface of their 
bodies to the medium in which they live, namely, water. 

Other ^uimals have some special apparatus for the purpose of 
respiration. This apparatus has always the same essential object, 
that of exposing their tissues to a medium containing oxygen, and of 
removing the carbonic acid gas. 

In some of the inveriebrate animals it suffices to distribute the 
medium containing oxygen throughout the tissues of the animal by 
means of tubes. Thus in the Echinodermata a water vascular system 
exists which seems to carry on the function of respiration. A similar 
distribution of oxygen takes place in arthropoda, delicately branch- 

♦ The coxaposition of the atmoqpheic is everywhere remarkably canetaat^ in spite of 
its oxygen being used up by living beings. It oontosts of ~> 

Oxygen 21 vote. 

Kitrogen 79 „ 

Moistore (variable) . , 'S per cent. « 

Carbonic add gas (also variable) . .• *04 „ 
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in^ tupm iabed (tracliese) distribute air to the tissues of the animal's 
body. 

'VHieii more active changes occur in the tissues there is always a 
peribet blood vascular systemi and the blood is invariably used as the 
distributing and collecting agent of the gases in the tissues^ and by 
flowing through some special organ exposed to the surrounding 

medium it ensures the gas-inter*' 
change between the body and the 
outer world. These organs are 
formed on two general types : (1) 
external vascular fringes ; and (2) 
internal vascular sacs. 

Animals living in water have 
commonly the external fringe ar^ 
rangement(gills) whilst those living 
in air have sacs (lungs). Some 
animals (frogs, toads, &c.) have 
gills in the early stages of their 
life and lungs when they are more 
fully developed. In frogs and 
seri)ents the lungs are simple sacs, 
with the inner surface increased 
by folds of the lining membrane,, 
w'hich gives it a honey-fomb ap- 
peaiunce ; into each sac opens one 
of the {divisions of the air-tube. 
In croc(^iles the air-tubes divide 
into several branches wlpch open 
into a series of anfractuous vascular 
recesses which communicate one 
with another. 

In birds wide bronchial tubes course through the lung tissue to 
reach large air cavities, and their walls are studded with the open* 
iBgg of innumerable air cells, there being, however, no terminal 
vascular air cavities as in the mammalian lung. 



144.— Biagnm of the 
Oigaiis. Ihe windpipe leading 
down from the larynx la seen to 
bmndi into tWo large bronchi, 
wliidi snbdiride after they enter 
their respectiTe longs. 


The respimtoxy apparatus of mammals consists of (1) vascular sacs 
flUed with air, l^own as the lung alveoli ; (2) chaiuiels by which 
these sacs ore ventilatefl— the air passages ; (3) motor arrangements, 
which cany on the ventilation of the longs— the thorax. 

1. The lungi are mad^up of innumerable minute cavities (alveoli)^ 
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with thin septa springing from the inner surface so as to divide the 
space into several compartments or air-cells. Each of these cavities 
forms a dilatation on the terminal twig of a branching bronchus, and 
may be regarded as an elementary lung. The aggregate of these 
cavities, and the branches of the air passages and vessels distributed 
to them make up the structure of the lung. 

The walls of the cavities are formed chiefly of fine elastic fibres, 
and the surface is lined with exceptionally delicate and thin celled 


epithelium. Supported in 
the delicate frame-work of 
elastic and connective tissue 
is the remarkably close-set 
meshwork of capillariea, in 
which the blood is exposed 
to the air. The delicate 
wall of the vessel, and the 
thin body of the epithelial- 
lining cell are the only 
structures interposed be- 
tween the blood and the 
air. 

2. The air passages are 
kept permanently open dur- 
ing ordini^ry breathing by 
the elasticity of more or 
less rigid tissues. Th% 
trachea and bronchi have 
special ca^laginous springs 
for the purpose. These are 
closely attached to the fibro- 
elastic tissues which coni- 



Figr- 145.--Section of sniaU ix)rtiim of Lung in 
which are *een a bronchial tube mth its 
plicated liniilS: >inuooiis membrane in the 
centre, and the large blood-ve«els at tbe 
sides cut acr j«8. Loose areolar tissue and 
numerous lymphatics surround the large 
yessels and separate them from the In^ 
tissue. 


plete the general foundation of the walls of the tubes. The air 


passages ai*e throughout lined with ciliated cylindrical epithelium^ 
which, at the entrance to the infundibula, loses its cilia, and forms 
but a single layer of flattened cells. 

The air-passages are supplied with muscle tissue of different kinds. 
Besides the ordinary striated muscles that control the opening of 
the anterior and posterior nares and phar}mx, a special set surrounds 
the upper part of the larynx, and is capable of completely closing 
the glottis, and thus shutting off the lung cavities, and proper air 
passages from the outer air. (V., fig. 144). 

In the trachea a special muscle exists whidx can narrow the wind- 





VkS* wctioiii of part of the wall of a mediiim-idsed Imaiehial tube. 

xfiT (F.j;.8dmltw.) 

It, mnoiu layer oontaimiig plates of cartilage, glands, ke, 
h. Coal co mp osa d of mgitiiated muscle. e. Blastio sab-epltliellsl layer, 
d, Colmmiar dilated epithdlnm. 
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pipe by approximating the extremities of the C-shaped springs that 
normally presei^'C its patency. 

In the bronchial tubes a large quantity of smooth muscle cells 
exists for the most part being arranged as a circular coat, wliich 



Fig. 148.— Section of a portion of Long Tisimo, ebowing pait of a very wnall brondins 
cut aci'ose. (F. £. Schultze.) 

a. Fibrous layer containing blood-vessels. e. Layer of elastic fibres. 
h. Layc#of unstriated muscle. ti. Ciliated cpitheliumu 

is best developed in the small tubes (fig. 148, h). As we pass from 
the large to the smaller bronchi the walls become thinner and less 
rigid, and the cartilaginous plates and fibrous tissue gradually 
diminish, while on the other hand the muscular and elastic dements 
become relatively more abundant. 

The external surface of the lungs is completely invested by a 
serous membrane—the pleura, which is reflected to the wall of the 
thorax from the roots of the lungs, and completely lines the pleuixil 
cavity in which they lie. Thus the limgs are only attached to the 
thorax where the air passages and great vessels enter, the rest of their 
surface being able to move over the inner surface of the thorax, and 
to retract from the chest wall if air be admitted into the pleural 
sac. 

3. The thora^Kf in which the lungs ore placed, is a bony framework, 
the dimensions of which can be altered by the muscles which dose 
in and complete the cavity. 

The framework is a rounded blunt cone composed of a set of bony 
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hoops— th)^ ribs, attached by joints to a bent pliable piUar-^the 
vertebral column^ and held together in front by the stemunii to 
whioh they are attached by resilient cartilaginous springs. The ribs 
slope downwards and fom^ardB^and are more or less twisted on them- 
selves about the middle of the shaft. 


The &:8t pair of ribs, which encircles the apex of the thoracic cone, 
fotyns part of a short flattened hoop. It slopes downwards in 
front to reach the sternum. Each succeeding 



140.— 'Diawing of tho 
Mteml Tiewof Thotax 
III the pofiitiaQ of 


rib from above downwards increases in length, 
in the amount of its slope downwards and 
forwards, and in the obliquity of its shaft. 

The floor of the thorax is formed by a 
dorae-^aped muscle — the diaphragm, which 
bulges with its convex side into the 
cavity, and separates the thoracic from the 
abdominal viscera. The upper outlet is closed 
around the trachea by several muscles, wliich 
pass obliquely upw’aixls from the first rib to 
the cervical vertebra, and bold the upper 
part of the thorax in position. These muscles 
can also elevate as well as fix the first rib, 
as will be seen when speaking of the muscles 
in detail. The intervals between the ribs are 
filled up by two sets of muscle ivhich 

cross one another at right angles, and are 
q^taclied to the njprgins of the neighbouring 
libs. 

The base of tlie thorax is connected by a 
number of strong muscles with the pelvis and 
the spine, whence tliey pass upwards to the 
lower ribs. Tlie anterior muscles pull down 
the stejnum and anterior part of the ribs. 
The posterior fix and extend the last rib. 

From a mechanical point of view the thorax 
may be regarded as a specially arrang(*(I bel- 


atle iiu|Hxiation, 
dbowtegr the down- 
wnd Aope of the 
xfbe. 


lows, the dimensions of which may be increased 
in all directions. 

Within the liumework of the bellows is 


an clastic bag, with the interior of which the 


outer air communicates by an air-pipe, which is the only passage 
between the atmosphere and the interior of the bellows. When the 
framework enlarges its pressure of the atmosphere pushes 
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a stream df air into the elastic sac^ so as to distend it^ and thus fill 
the space caused by the expansion of the frome^work. 

By the motions of the framework a stream of air passes in or out 
of the sac ; a small quantity of the air contained in the lungs is thus 
changed at each breath, and a certain standard of parity kept up. 

In order to fully understand the motions by which the thorax is 
enlarged, much more detailed knowledge of the anatomy of the 
bony case and its muscles must be gained than can possibly be given 
here. 


Thoracic Movements. 

Physiologically the motions are divided into two sets — (1) those 
which enlarge the thoracic cavity, and cause the air to rush into the 
lungs, called inspiration ; and (2), those which diminish the size of 
the thorax and force out the air, called expiration. 

No action of life is more familiar than the rhythmical movements 
of respiration. The slow quiet rise and fall of the chest and abdomen 
are the signs most commonly sought as indicative of life ; for every 
one knows that constant ventilation must go on in order that the 
blood may readily obtain the necessary amount of oxygen and get 
rid of the carbonic acid gas, the ordinary diffusion that takes 
place in the motionless chest being quite insutficient to remove the 
heavy carbonic acid gas from the lungs. 

The rhythm of the respiratory movements may be represented 
graphically in many waysjiby recording either the changes in tlie 
diameter or circumference of the thorax, or by the variations of the 
pressure ii^ the air-passages. These methods more or less correspond, 
and give curves of somewhat the same character. 

The rate of the respiratory movements are up to a certain point 
under voluntary control, and may be varied by the wiD, or slop])ed 
as when one holds one’s breath. 

The voluntary control of the respimtory movements is however 
limited, for if we hohl our breath for any length of time, a moment 
soon arrives when the necessity of respiration” overcomes the 
strongest will. The usual respiratory movements are carried on 
without our being conscious of them, and are, therefoi’e, properly 
involuntary. 

The rate of the respiratory movements varies according to circum- 
stances, being in an adult man about 18 per minute ; in most 
of the lower animals it is much more raind. It varies with age^ 
being very rapid at birth, decreasing slowly to about 30, and slightly 
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xisliig toimds old age. The following Table (Quetelet) illeetietes 
this ^ 

A new-born infant . . . lespii'es 44 times per minute. 

5 years 

16—20 „ . 

20—26 „ 

26—30 „ . 

30—60 „ 

Muscular exercise increases the rapidity of the respiratory 
movements, and, consequently, the effort of standing produces 
a more frequent respiration than is found in the recumbent posture. 
Emotions variously affect the rate and rhythm of the inspiration 
and expiration (e,g,^ sighing) ; and, finally, morbid conditions, impli* 
eating the lungs, usually cause a greater frequency of respiration, 
sometimes attaining a rate of as niany as 60 — 70 respiiations per 
minute. 

The thorax is enlaiged in all dfrections during inspiration, the 
motion being usually lef erred to the veilical, tianvcise, and antei^o- 
posterior diameters i*espectively. 

The vertical diameter is increased by the descent of the lateral 
parts of the diaphragm, and the slight elevation of the paits about 
the apex. 

The lateral diameter is widened by the side-di*oop of thq ribs being 
lessened ; each rib is rotated ux)on the line uniting its extieinities, 
and at the same time iMiioved upward apd outward. 

The antero-posterior diametei' is cnlaiged by the general elevation 
of the ribs and sternum, the anterior extiemities r>f the jibs, being 
drawn up from their general downward incline, push the hteinuiu 
forwards. 

The movements of the diaphiagm de])ress the abdominal \iscem 
lying beneath it, and thereby distend the elastic abdominal wall 
and compress the gases contained in the intestines. Thus the dia- 
phragmatic movements cause a ihythmi('ul heaving of the abdomen. 
Bespiration depending chiefly on the acticiu of this one muscle is 
thex^oie spoken of as abdominal respiratiaii. On the other hand, 
when the ribs aie the chief cause of expansion of the upjHU* ptuis o( 
the chest it is called thoracic or costal respiration. 

These two types of respiratory movements may bo imitated volun- 
tarily, and are variously combined in different individuals during 
ordinary xe^dratian, and in the same individual under different 
dremnstances. 
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la men tlie general character of the ordinary quiet respiration ie 
abdominal, the movement of the thorax being insignihcant in com- 
parison with that of the abdomen. 

In women the reverse is the case, the abdominal movements are 
slight when compared with those of the upper part of the thorax. 
This difference is only well marked during quiet unconscious 
breathing ; any forced or voluntary respiratory effort changes the 
typical character of man’s breathing, and the costal movements 
Income more prominent. In a forced deep inspiration the upper 
part of the chest shows the greatest increase in the antero-posterior 
diameter in both sexes. 

This difference in type between male and female respiratory 
movements has been ascribed to different causes. The most common 
of these is the change brought about by the costume ordinarily 
mlopted by females. This can hardly be an adequate explanation of 
the phenomenon, for we find the same type existing when the tight 
garments are removed, and it is apparent in those who have never 
been constricted by tight clothing, and even in cases where no 
clothing at all has been used, as amongst the inhabitants of hot 
countries ; so that, though the corset may induce an exaggeration of 
the costal respiration, by constricting the lower ribs and interfering 
with the action of the diaphragm, it would not seem sufficiently to 
account for the normal physiological co«?tal type of breathing found 
in womem 

The occasional distention of the abdomen during pregnancy has 
also been assigned as a cause of the female type of breathing. That 
this type of breathing sliould be transmittea from our female ances- 
tors is possible, but it is very unlikely that pregnancy is the sole 
agency in producing it, since in childhood tlie costal type is marked 
in both sexes. It is probable that the abdominal breathing of the 
male is also acquii'ed and increased ’by hereditary transmission, and is 
really due to the gradual increa'^e in the development of the muscles 
of the upper extremity in males, causing a greater fixedness of the 
upx)er ribs from which they take origin. 


Inspiratory Muscles. 

The act of inspiration is not performed by any single muscle ; indeed, 
even the most gentle and quiet respiration requires the co-ordinated 
action of many sets of muscles. Most of these muscles have other 
duties to perform besides helping to produce respiratory movements. 

Those which are strictly ins^ratory in thetr function are : — 
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i ' 1* The Diaplira$i;m *with its accessory Quadratus Lumborum to 
fix its origin from the last rib. 

2. Xievatores costarum (including the scaleni) with their acoes*- 

aory intercostals, which act chiefly as regulators, 

3. The Senatus porticus superior. 

1%$ JHaphragm is the most imporhnit ins^Hratory muscle. It is 
«mly one muscle which unaided can keep up the necessaiy tho- 

i-acic ventilation, and, in injury 
of the spinal cord, owing to its 
isolated nervous supply, it may 
be called upf»n to do so. 

During ordinary quiet breath* 
ing in the male it does the 
givater pai-t of the work. 

When not in action, a great 
])art of the muscular sheets of the 
diaphragm lies in direct contact 
with the inner surface oi the lower 
costal part of the thoracic wall, the 
rest is higher than the central ten- 
don that forms the floor of thexieri- 
cardiuin and is fixed in one posi- 
tic.n. Dining inspiration these 
lateral }>arts are separated from 
the ribs and draun below the 
level •of the central tendon by 
the contraction of the muscular 
fibres. The separation is aided 
by the alifluction of the floating 
ribs, which is accomplished by 
the quadratus lumborum and 
the deep doisal muscles. 

In order that the diaphragm 



Tig. 160.— Diagram of a section made 
TertioaUyfhim side to through 
the thmadc and part of fne abdomi- 
nal cavities to show the position of 
the diaphragm, which is indicated by 
the dark line (o d) {daoed on the 
parts of the muscle that descend in 
inapintion. 

r. Pericardial cavity. 

L. liver. 

s. Stomach. 

B. Boots of lungs cut through. 


may act to the Ijcst advantage, it 
is necessary that its attachments he fixed by the other muscles ; for 
wlien the quadratus lumborum, levatores and other fixing musdes are 
not acting, the lower floating ribs are diuwn in by the diaphragm, 
and the power of that muscle is much diminished by the approxi- 
niation ot Ua attachments. This may bo seen in spinal injuries 
idiaii the raqnxation is carried on by the diaphragm alone. In 
t he s e .cases a droulars furrow marks the line of attachment of 
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the muscle to the lower ribs and their cartilages, which are drawn 
inwards during each inspiration, the breathing being of course purely 
abdominal in type. 

The Quadratua Ltmhorvm, which passes from the pelvis to the last 
rib has, besides the action in aid of the diaphragm just mentioned, the 
power of drawing down the lower out- 
let of the thorax, in which it is helped 
by other abdominal and dorsal muscles. 

In this action it may be regarded as 
the antagonist of the next group. 

The Scaleni muscles, which pass down 
from the lateral aspects of the cervical 
vertebrae to the first two ribs, which 
they raise so as to draw up the upper 
outlet of the thortix. The quadraius 
and scaleni muscles thus act u\)on the 
thorax in the same way as the hand« 
when extending a concertina. 

The Lemtores Costcirum are small 
muscles, but on account of their num- 
ber, their aggi‘egate force is much 
greater than is commonly thought. 

They are short, thick muscles, which 
pass obliquely downwards and outwards 
from tlie transverse processes of the dor-^al vertebrae to the angle of 
the ribs. Their only action is to raise thj angle of the ribs, and 
thus remove their anterior and lateiul downward slopes ; by so doing 
they incr^e the intervals between the nbs and enlarge the lateral 
and the antero-posterior diameters <»f the chest. Thus they ai-e 
purely muscles of inspiration, mul probably, acting with the 
diaphragm and the scaleni, are the cliief workers in ordinary 
breathing. 

The Intercost(ds produce different effects on the ribs accoidiiig to 
the different sets of muscles with wdiicli they act in association. They 
never act alone, and it is therefore idle to try to ascribe to them any 
constant specific inspiratory or expiratory act ion. Generally speaking, 
the intercostals approximate the ribs, and by this action they stifiBii 
thoracic wall and help to elevate the tliomx when its upper pait 
is fixed, or, when its lower part is fixed, to depress it. 

Now, if both the upper and lower margins of the thorax be lield 
firmly by strong muscles, as really occui's in inspiration— from tlie 
action of the quadratus and scaleni— the int^ostals cannot ap|uroxi- 




"FiS. 151 Du^pram shoving in- 
terval between the positioii 
of the diaphragm in expira- 
tion («, «) and inspiration 
(i» «} . The increase in oapa- 
citjr is diown by the white 
areas. 
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mute ^ ribs* Under these Gircnmstances the results which follow 
their contraction will he twofold, viz. :*--(l) the sternum will be 
pushed forunrds, and the ontero-posterior diameter of the thorax; 

thus increased ; and (2) the 
spaces between the ribs, which 
are widened by the other 
muscles, are kept rigid and 
prevented from sinking in- 
wards when the intra-thoracic 
pressure falls* When acting 
with the elevators of the ribs 
both intercostal layers of 
muscle have an inspiratory 
effect But w hen tlie elevators 
of the ribs are passive the 
intercostal^, acting with the 
anterior abdominal muscles, 
draw down the ribs, and act 
os muscles of expiration. 

For forced breathing an 
enormous number of muscles 
may be called into play during 
the inspiratory effort, as may 
be seen during occlusion of 
the air passages, wHere all the 
thoracic, cervical, facial, abdominal muscles, and even the muscles 
of the extremities, one after another, afe thrown into a recurring 
hpasm before suffocation ends the patient's lift\ 

Among the muscles which lend their aid when more energetic 
inspiratory movements are Te<|uired, may be mentioned the stemo- 
moitoid^ which helps the scoleni to elevate the front of the thoracic 
wall ; the pectnrcU muscles and the (freat »erraUis which assist w*hen 
the aims are fixed ; and also the deep muscles of the Imck, which 
straighten the spine, and act upon tlie vertebral attachments of the 
ribs so as to elevate them and widen the intervals l>etwcen them. 
Owing to the ribs being fixed to tbe stenimu in front, they can only 
mmrate laterally ivhen the dorsal cim^e is lessened, and tliis tends 
to appzosdnuite the sternum and the vertebne, thus narrowing the 
anteix>-posterior diameter of the thorax. It is in preventing this 
flattening of the chest that the intercostals are particularly useful ; 
by holding the rihs together they push forwards the sternum, when 
tbe doxasl curve is exited. 



Fig. 1S2.— Vieir fiom 'beliSnd of four dorsal 
vottebne and tliree attadied xibs, ahou- 
ina the attachment of the elevator mus- 
cles the libs and the interoostuhi. 
(AUen Thomson.) 

1. Loos and diort elevators. 

2. Fxtenud intcavostal. 

8. Intcmol intereostul. 
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During quiet breathing expiration requires no muscular effort, the 
expulsion of the air from the chest being accomplished by the elasti- 
city of the parts. 

The most powerful force is the elasticity of the lungs, which are 
on the stretch even after a forced expiration, and when distended 


by inspiration are capable of 
exerting considerable traction on 
the thoracic wall. 

The ordinary shape of the walls 
of the thorax when the muscles 
ore not acting, corresponds with 
the position at the end of gentle 
expiration; therefore the resili- 
ency of the muscles, costal 
cartilages, and other elastic 
tissues which are stretched dur- 
ing inspiration tends to restore 
the ribs to the position of expi- 
ration. 

The weight of the thorax itself, 
and the elastic gases in the intes- 
tinal tract, which have been 
compressed by the diaphragm, 
may also hglp in expiration. 

After death, when the elasti- 
city of the expiratory musc]^ s is 
lost, the traction exerted by the 
lungs on tlie Aorax reduces it 
below the size its own elastic 



equilibrium would tend to as- Fig. ISS.— Shows the position of the Ribs 

^ e • • Spinal Colnnm in nonnal 

Slime, when, therefore, air is fonn of the thonix,f.e., that assumed 

admitted to the pleural cavity in expiration, 
by puncture, the thorax expands 

slightly as the lungs shnnk, and the pressure on the pleural surface 
becomes equal to that within the bronchi. 

In forced expinition, or when the air is used daring expiration 
for any purpose such as the production of voice, or any blowing 
movement, a number of muscles are called into action. The only 
muscles that could be called exclusively special muscles of expi- 
ration are the weak triangularis stemi^ serratus posticus inferior^ and 
p^s of the intercostals ; but in all violent and forcible expiratory 
efforts these are aided by the muscles forming the anterior wall of 
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the whidi, associated witih the intercostals and qnadratns 

lumbotttBi, are the most poweiM agents in drawing down the 
thoradciradls* 


Function of the Pleura. 

From what has been already said it is obvious that by £&r the 
greatest amount of movement takes place in the lower part of the 
tiiorax, while ^e capacity of the apex changes but little. The 
space formed in the chest during inspiration is practically formed 
Iwtween the costal wall and the diaph^m (compai^ figs. 148, 149). 
If the lungs and the walls of the thorax were fused together, without 
the inteipositimpL of serous membranes, the different ports of the lungs 
would have to follow the movements of that part of the thorax to 
which they are attached. Thus the lower parts of the lung would be 
much distended during inspiration, and the apices would receive 
but Jittle addition to their contained air. This condition is often 
found in disease of the pleura, leading to adhesion of the visceral 
and parietal layers. When such cases live for some lime after the 
pknrii^ and the adhesions persist, the air cells of the lower maigins 
of the lungs are commonly found to he distended and bloodless (t.e., 
local emphysema from habitual over-distension) ; while on the other 
band, the apices become abnormally dense, and the alveoli ore 
contracted and airless. * 

The surface of the soft elastic lung tissue is normally quite free, 
being encased in a sefous membmne, If le smooth surface of which 
can slide uninterruptedly and freely over the similar lining of the 
costal wall. That this motion of the lung actually ocsais may be 
seen from watching the lung through the exposed parietal pleura, or 
recognised by studying the sounds produce<l by a roughness of the 
pleura, such as occuiu in infianuuation, when a ^ friction ” can he 
detected by the ear. 

The lungs move in a definite direction. From the most fixed 
points of the thorax, namel}', the apex and vertebral mitigin, they 
pass towards the more moveable inferior costal and sternal regions. 
In shorty the anterior part of the lungs passes downwards and for- 
wards to fill np the gap made by the descent of the diaphragm and 
the of the costal wall upwards and forwards. 

The posttion of the inferior margin of tlie lung may be easily re- 
eoguitsd by pereussbn over the liver, and may thus be shown to be 
moving up a^ down with expiration and inspiration respectively. 
By pereuarion we also find that the space between the two lungs in 
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front is increased during expiration and diminiriied during inspira- 
tion, so that the heart is more or less covered by lung, and the 
prsBcoidial dulness is altered every time we draw a breath* 

By means of this free movement of the lungs in the serous cavities 
the air exerts equal force on the walls of all the air cells whether 
they are situated iu the apex or base of tlie lung, and the alveoli are 
all equally filled with air. 

If the pleural cavity be brought into contact with the air, either 
by puncture of the thoracic walls or by rupture of the visceral pleura, 
lung, owing to the great elasticity of its tissue, shrinks to ver}* 
small dimensions, and the pleural cavity becomes filled with air 
{pneumotli orax). 

If air be admitted to both pleural cavities so as to produce double 
pneumothorax, death must ensue, for if the opening remain free the 
motions of the thorax only alter the quantity of air in the pleural 
cavity, and caimot ventilate the lungs. This demonstrates the 
important fact tliat it is the atmospheric pressure which, having 
xiccesfi to them only through the trachea, distends the elastic lungs 
4ind keeps them pressed against the wall of the thorax. 

The power with which the lungs can contract when the atmo- 
spheric pressure is admitted to the pleura has been found after death, 
without inflation, to be six millira^itres of mercury, which is probably 
below the pressure exerted during life, when the smooth muscle of the 
bronchi i# acting and the tubes ai^e fi*ee from mucus, for this rapidly 
collects in the minute air tubes at death, and impedes the outflow 
of air. • • 

When the lungs are inflated before tlie pleura is opened, the pres- 
sure can easily be made to rise to nearly IJ inches (30 nun. mercury). 

From this it would appear probable that when the lungs are 
stretched by inspiration they exert a negative pressure equal to 
30 mm., and when the lungs are in a position of expiration they sti 1 
tend to contract with a force of 6 mm. mercury. 


Pbebsure Differences in the Air. 

The immediate effect of the increase in capacity of the chest is 
that a pressure diflicience is established between the interior of the 
thoracic cavity and the atmosphere. 

The reduction in pressure produced in the lungs and air passages 
by inspiratory movements, or the increase of 4 »re 8 sure accompanying 
expiration, is very slight during ordinary quiet breathing with fme 

T 2 
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akr passfligeii. But the least impediment to the entrance or to the exit 
of air al anos makes the difference veiy notable* 

It 18 veqr difficult to obtain an accurate experimental estimate 
of tile wiaticms in the pressure in different parts of the air 
paasages during quiet breathing, because even the most careful 
attempt to measure the pressure causes an increase which is still 
further magnified by the sensitive muscular mechanism of the air 
passages* 

The Taiiations in pressure occurring in .the pulmonary air are 
greatest in the alveoli, and gradually diminish towards the huger air 
tubes, so that they disapi^ear at the nasal orifice, where, if no impedi- 
ment be placed to the course of the air, the pressure will remain 
very nearly equal to that of the atmosphere. By connecting one 
ttustrQ with a manometer and breathing through the nose with the 
mouth shut, it can be shown that inspiration causes a negative pres- 
sure of about 1 inm. mercury, and expiration a positive pressure of 
2 to 3 mm* ; these results must be divided by two, since by plugging 
one nostril they slmt off half the normal inlet Foi*ced inspiration 
and expiration give respectively ^57 and -f- 87 mm. 

This great difference depends on the elastic forces against whicli 
the inspiiatory muscles act in distending the thorax, all of which 
assist in exjnration. 


The Volume op Air. 

Daring ordinary res^Rration the voluiiie of the inspiratory and 
ex{niatory stream of air is surprisingly small Miien compared with 
the volume of air sojourning in the lungs. ^ 

After an ordinary expiratory act we can force out a great 
quantity of air by a voluntary effort ; but even after this is got rid 
of the lungs are still well filled. Some of this remhial tiir, which 
never leaves the chest during the life of the animal, is pressed out by 
the elastieify of the lungs when the pleura is opened. But a certain 
emouitt of air cannot be removed in any way from the alveolL Even 
when the lung is cut out of the chest find divide<l into pieces, 
enough air is retained in the air cells, tr> render it buoyant This 
fiiot is leljad on by medical jurists as an evidence that an infant 
lias btuillied after birtli and distended the lungs with air, for except 
IsreathiBg has been well established, the tolerably fresh lung of an 
infimt Witt sink in water* 

In order to hare a clear idea of the volumes of air at rest and in 
motion during pnlmonaiy ventilation it is convenient to follow the 
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classification from which the nomenclature in common use has been 
borrowed. 

Tidal mr is the current of air which passes into and out of the dieit 
in quiet natural breathing. It amounts to about 500 cc. (30 cubic 
inches). 

Reserve air is that volume which can be voluntaiily emitted after 
the end of a normal tidal expiration, and which, therefore, during 
ordinary respiration remains in the lungs ; it is estimated at about 
1600 cc. (or about 100 cubic inches). 

Complemental air is that which can be voluntarily taken in after 
an ordinary inspiration by a forced inspiration ; it also amounts to 
about 1500 cc., but is not used duiing oidinary breathing. 

Residual air is the air volume which remains in the lungs after a 
forced expiiation, that is to say, which no voluntary effort can re- 
move from the lungs ; it includes the tiir wliich leaves the lungs 
when the pleura is opened after death and the aii* which persistently 
i^emains in the lungs after they have collapsed. This amounts to 
about 2000 cc. (or about 120 cubic inches). 

Vital capacity is a term given to the greatest amount of air that 
can be emitted by a forced expiration immediately following a 
forced inspiration, so that it equals the sum of the tidal, reserve, and 
complemental air. The vital capacity is estimated by spirometers of 
different kinds, and gives tui appimiiiiate measurement of (1.) The 
cajjacity of the chest. (2.) The iK)wer of the respiratory muscles. (3.) 
The resistance offered by the elasticity or rigidity of the walls of 
the thorax. (4.) The working ciipacity of the lungs, ic., their exten- 
sibility or fre^om ft’om cfisease. It therefore varies greatly accord- 
ing to the age, sex, position of the body, the occupation, weight, 
height, the fulness of the hollow viscera of the abdomen, and the 
pathol(^cal condition of the lungs. It can be much increased by 
practice, and this fact, apart from the injury foi*ced respirations may 
produce in a morbid state of the lung, renders it inapplicable as a 
gauge of pulmonary disease. 

From the foregoing it appears that the volume of air habitually 
sojourning in tbe lungs during natural respiration, or staCtoaary aw, 
is about 3500 cc. (225 cubic inches^ while tlie fresh air introduced 
by each inspiration is only a little over 500 cc. (30 cuImc inches), 
or in other words, about one-seventh of tlie air in the lungs is 
<^anged at each breath. Indeed, the 500 cc. of air is mily just 
sufficient to fill the trachea and larger bronchial passages, so that 
the ftedi air does not reach the pulmonary alveoli, or directly replace 
any of the air they contain. lie tidal stream is, however, brought 
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ifilo iwihrtkte xdaftion with thi sUtionary air^ and tha thoiacic* 
movimiaiti eaiiee them to mix xaechanically, 8o that rapid dijgMm 
t$ke$ flaea in the minute bronehL Diffioaioii is also constantly 
oeemt^ between the air of t^ small tuljes and the terminal sacs^ 
and it t^om suffices to maintain the necessaiy stwdard of purity in 
the air of the alreoli If, during breathing, a harmless gas^ such as 
hydrogen, he inhaled during one inspiration, it requires 6 to 10 
lei^diatloiis to get rid of the impurity horn the expired air. From 
this it has been inferred that this number of respiratory acts would 
be necessary to render the air in the alveoli quite pure evm if no 
fresh impurities were allowed to enter £rom the blood. 

Rbsfiratort Souxd& 

As the streams of air enter the air passages and lungs they produce 
sounds whidi are of the greatest importance to the physician, owing 
to the manner in which they are altered by disease. 

A sound caUed ** bronchial breathing ” is produced in the large 
bronchi and trachea, and is like the noise of air blowing through a 
tube. This can normally he heard over the trachea, or at the back 
between tbe riioulder blades over the entrance of the large bronchi 
into the root of the lung. 

Another sound called vesicular” can be heard all over the 
chest, being most distinct where the lung is most 6Ui)erficial, and 
where other sounds are absent, as in the sub-axillary region It is a 
gentle rustling sound caused by tbe air passing into the infundibuh. 
It varies much with the force of respiration and many other circum- 
stances. In dilldren up to ten or twelve yearn of age it is remark- 
ably sharp and loud, and is called puerile breathing.” t 

Nebvocs Mechakish of Hespiratiok. 

The movements of respiration go on rhythmically without any 
voluntary effort, and even when we are quite awake they occur 
almoal without our being conscious of them, and repeated variations 
take place in the rate, de^, and general type of our respirations wiUi- 
out our knowledge. Indeed, if this sdf-regulating arrangement did 
not sodst wedumld have to devote much of our attention to mlapting 
our l et piiu ittf y movements to the ever-changing requirements of the 
gas-inieidumge of the blood. 

Tike an eAer groups of skeletal mnscles, those which act on tbe 
tkotauamtigala^l^neiTesandworktc^lc^rinha^^ Ikese 
coHMdittatisd movmnent# are so far under the eontiol of the will 
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that any of the groups of muscles may be employed separately^ or in 
ooujanotion. 

But the lespiratoxy differ from the other skeletal muscles, in that 
they imdergo rhythmical co-ordinated contractions which are not 
directed by our will, and can be influenced by it only to a certain 
extent, for they cannot be made to cease altogether. 

In short, the rhythmical co-ordinated movements of respiration 
are not only brought about, but are also regulated by an involun- 
tary nervous mechanism. Since we are unconscious of its action, it 
certainly is not dependent on the voluntary centres. Moreover, we 
know that the upper parts of the brain are not needed for regular 
breathing, because animals bom with deficient development of 
cranium and brain can breathe quite rhythmically ; and I'emoval of 
the brain of birds dc., causes no interruption of the respiratory move- 
ments. We know, however, that an injury to the upper port of the 
spinal cord causes death by stopping respiration. The regulating 
centre must then be lower than the cerebral centres, and higher than 
the cervical part of the spinal marrow. The direct evidence of the 
seat of this centre was found by Flourens, who showed that a local- 
ised spot exists in the medulla oblongata, injury of which causes 
instant cessation of the respiratory movement. 

This vital point, or nmud vitaly is situated in the floor of the fourth 
ventricle, near the point of the oalamtis scriptoriusy and is now com- 
monly spoken of as the respiratory centre. 

From tfcs centre the impulses which give rise to and regulate the 
all-important respiratory movements rhythmically pass down the 
spinal cord and nenm So long as the Nervous communication 
between the centre and the muscles is intact the movements go on 
wiUi undiSturbed regularity ; if it be cut off, or the centre destroyed, 
they instantly stop. 

What keeps this centre active ? It has been already stated that 
all the conditions of the body whidi cause an increased tissue change, 
use up a greater amount of oxygen and give off more carbonic 
acid, therefore are accompanied by more active movements of the 
respiratory muscles. From this it would appear that there exists 
some relation between the activity of the lespiratory centre and the 
condition of the blood — a deficiency of oxygen or an excess of car- 
bonic acid gas calling forth increased action. One has only to hold 
one’s breath as long as poasihle, and note the series of rapid and deep 
respirations that follow such a temporary impediment to the proper 
oxygenation of the blood, in order to see that an involunt^ 
respiratory centre is profoundly influenced by a deficiency of oxygen 
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Sxpmsmtilfy it can be* cdiown that the effect is produced^ in a 
great nseeaniee at least, in the medulla itself, by the blood flowing 
thiOQij^ and not by the action of the venous blood citctJating 
thmi^ disiaiit otgaxis, and zeflexly affecting the centre. It has also 
bemt Aown Hiat the temperstore of the blood circulating through 
the medtiBa changes the activity of the centra for, if the blood in 
the carotids be warmed, the respiratory movements become more 
rapid. 

The respiratory centre is, then, a good example of what is called 
an ^automatic nerve centre,’* not depending upon nerve impulses 
from afar for Its energy, nor merely reflecting the influences of other 
centres, but acquiring its energy from the tbermid and chemical 
condition of the blood which flows through it, and thus its activity is 
intimatdy rektod to its nutrition and supply of oxygen. 

So long as the amount of oxygen flowing through the centre keeps 
up to a certain standard, the normal excitability of the centre con- 
tinues, and we have natural quiet breathing, called Eupncea. When 
the oxygen falls below the normal standard, the respiratory centre 
becomes more excitable, and labouied breatiiing is produced, com- 
monly called DyfpMBo, 

If the theory that a deflciency of oxygen is the nontial stimulus 
to action of the respiratory centre be corract, a superabundant quan- 
tity should diminish the activity of ' the centre, and a condition the 
opposite of dyspnoea would be produced. This is difficult to show 
in natural breathing, though every one knows the eff ciency of the 
few deep breaths one stakes before a ^ve into water ; but with 
aitifidal breathing, if the movements be carried on very eneigeti- 
eally for some time, and tben be stopped, the animal will n<»t at 
flrst attempt to breathe, but after a short time, somewhat less than a 
minute, gentle and slow respiratory movements commence. This 
cessation of breathing, called opncra, depends upon the blood being 
^ charged with oxygen that it no longer acts as a stimulus to the 
iwntre. 

We And that dyspnoea is produced by a deficiency in the amount 
of oxygen rather than by an excess of carbonic acid gas. This is 
pxoved hf the &ct that it occurs when the carbonic acid gas is 
xeraoved from the blood breathing freely air which is only defi- 
eknt in oxygen, and, secon^y, because an excess of carbonic acid gas 
In the air causes a diow^ condition and not an active dyspnoea, 
Altfaop^ the leqilimtoty centre is in the strictest sense auUmoHr^ 
yet it is j^omidly affected by many influences coming from other 
parti, whUtb xeflexly modify the lespiratoTy movements. Thus 
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mental emotions vaiioasly inflnenee both the rate and the depth df 
breathing, smnetimes causing more rapid and scanetimes slower 
respizatory action. The application of stimulus to almost any port 
of the oir-passagos eoai|lelidy dnwgei the xei^Mcay rhythm. The 
ordinary sensory imim pMifeg the are dso capable of 
exciting respiratOliy motettietits. Thk ia well seen ftcan the gasping 
tliat follows the miHm Jf^cation of eold to the boify. It is along 
these sensory nettasihat one tries to transmit impidm by applying 
mechanical, thextnd^ or other stimulus to the sMn of a new«bom 
infant, whose re s ptort c wy centre having been kept Icmg in the condi* 
tion of apnooa, iS ifow to respond to an exdtiiig infuonce caused by 
a deficiency of oxygen. 

Experiment shoits that most, if not aU, afferent nerves can affect 
the respiratory centra cdther by increasing or zOdueilig its activity ; 
but there is one spe^ nerve, nomdiy, pMumogagtric or vagvs 
and its branched tdiieh have both thm capabilities developed to a 
much greater d^lOe than any other. 

If the two va^ be cut, a marked change takes place in the respi* 
ratory rhythm, thongli section of one vagim has little or no effect on 
respiration. Thd rate of the inspiration is reduced to leas than half, 
wliile each breathi bocomes extremely deep and prolcstged, the respira- 
tory function of the lungs goes on for some time unimpaired, and 
the hoeinoglohin of the blood receives the due amount of oxygen. 
Although |he cluUWeter of the breathing is completely changed horn 
the rapid gentle motion of natural lespiiation to a smes of slow deep 
gasps, the air volume per giinute and the <;]iemical changes remain 
the same. If the eeaferal end of the cut vagus be now stimulated 
gently, th| rate of ^ respiratory movements may again be quickened 
to the normal tf the diliialus be very strong, respiratory spasm 
can be produced. On the other hand, if the central end of the 
6U|)erior laryngeal branch of the vagus be stimulated, breathing 
becomes slow, and can be made to cease wliile the thorax is in the 
position of ordinary expiration, a spatun of the laryngeal and 
expiratory muscles is caused. 

So that in the pneumogastric nerve, fibres exist which convey 
impulses of two kinds to the respiratoiy centi’e, the one increasing 
its excitability and causing more rapid dischaiges of inspiratory 
impulses, the other decreasing its irritability and causing a slowing 
of the respiratory movements. The mar ked change which has just 
been described as occurring when the tw*o pneumogastrics are out 
proves that these afferent influences are constantly at work modifying 
the respiratory rhythm. We may assume th*at the slow, deep ias|i- 
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0c. Ctetre for inipirKtoiT movements, from whidi peso efferent channels, represented 
hf tbb coBtitmam white line (e) to the maptotorjr mnsolei xeiurcioent^ hy the 

W€m Ceatm for esptetoiiy movements, fhnn which efferent channels (p) pass down the 
eoid totibe mnaeies of ezpirati^ rep r e s en ted hy the abdominal maades (a). 

tbena oentres ttffertnt impnlses come (1) from the oerebial oontres (<i, &, r, d) 
to dMCk or exalte aetivity. Tlieae vdnntiuT impnleea may be called afferent as 
te «i tlw lispiialniT wwtrea aio 00 fbimi (2) the entaneona aorfhee* 

and (8) tlie nose, hninJsee {«, /, p) anive, which modify the aeticn of the ina^ia* 
toiyotn h tt. Stem the (4) laryim (o) come cheeking Impoieea (t) to the inapira- 
tmyyOniiBBBii iw g inqNdaaa (^) to the expMery oenlve. And, flaalfy, (4) from 
the Iwgi eonm both enefti^ and i nh iMt Ing hapiibee la, a) to twtli the 
enpimtfltf and Metres, and by thM dnnnetb tho 
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venouty of the blood in the centre arrivesat a certain point»and th^ 
the accumulated energy is sent to the respiratory musclea^ and a 
eep gasping inspiration occurs, and thus each reiquratory act is called 
forth by the blood becoming so venous as to act ns a powerful 
stimulus. 

So long, howeveri as the centre eryoys the regulating influence of 
the vagi this venous condition is not allowed to occur, and the 
intense excitation of the centre is thereby prevented, and the necessary 
movements performed with a minimum of muscle energy. 

The exact mode of stimulation of the pulmonary t^minals of the 
afferent fibres of the pneumogastrie is not certain. It has been 
suggested that distention or retraction of the lungs may act as a 
mechanical stimulus to flbres inhibiting and exciting respectively 
the inspiratory centre. Each expansion of the lungs oills forth the 
ensuing relaxation, and the rels&ed state, in its turn, induces a new 
inspiration, and thus the lungs themselves are able to guide the 
thoracic movements by means of the pneumogastrics. 


Modified Movements of the Bespibatobt Muscles. 

Besides the orclinaiy respiratory motions and the voluntary modi* 
fioations made use of in speaking and singing, Ac., the muscles of 
respiration ^lerfoim a series of movements of an involuntary reflex 
nature indicative of certain emotions and mental states. 

They will be seen to resemble each other in the meclianism of their 
production, though differing essentially in expression. The following 
are the more important : — 

C<mihing is caused by a stimulus applied to certain ports of the 
air-passages, but more particuloi-ly to the laiynx; the stimulus 
passing along the superior laryngeal bianch of the pneumogastrie. 
It consists in a deep inspiration, closure of the glottis, and then a 
more or less violent expiratory effort, accompanied by two, three, or 
more sudden openings and closures of the glottis, so that rapidly 
repeated blasts of air pass through the upper air-passages and mouth, 
which is generally held open. 

Sneezing is caused by a stimulus applied to the nose or eyes, the 
impulses being carried to the respiratory centre by the nasal and 
other branches of the 5 th nerve. It consists of a deep inspiration 
and closure of the glottis, followed by a single explosive expiration 
and sudden opening of the glottis and posterior nores. 

Sneezing is a purely reflex act, it b^g im)>08sible to produce it 
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rolimtejifyi except by the stimulatioxi of the nasal mneoits membrane 
with otmra 

Lau^kmg oonsists in a full inspixaticm, followed by a Icmg aeries of 
very abort rapid ex|diatoiy efforts. Ibe facial muacles are at the 
same time thrown into a characteristic set of movements. 

Crying is made up of a series of short sudden expuationSi accom* 
panied with peculiar facial contortions, and commonly following or 
associated wi& the following : — 

Schbing, whidi consists of a rapid series of convulsive inspiratory 
efforts, causing but little air to enter the diest, and followed by one 
long expiration. 

Sighing is a long slow inspiration, quickly followed by a cor- 
responding expiration. 

Yamning is a very long deep inspiration, completely filling the 
chest It is accompanied by a peculiar depression of the lower jaw, 
wide open mouth, facial movements, and commonly stretching of the 
limbs. 

Hiewugh is a sudden inspiratory spasm chiefly of the diaphragm, 
the entrance of the air being suddenly checked by the sudden 
dosure of the glottis. 



CHAPTEB XIX. 


THE CHEMISTRY OP RESPIRATION. 

The simplest way to investigate the study of the gas interchange 
that takes place in the lungs between the air and the blood is to 
compare the composition of the expired air with that of the atmo- 
sphere, and from the alteration found to have taken pkce in the 
tidal stream we can amve at the changes which the air undergoes 
during its journey in and out of the air passages, and vre can then 
examine the venous and arterial blood in order to ascertain the 
change the blood imdergoes in becoming arterial. 

The atmosphere is made up of a mixture of nitrogen and oxygen, 
with a variable amount of moisture and a minute proportion of 
carbonic acid. 

The following table gives the volume* of the gases in dried air : — 

Oxygen • . . 20*96 per cent., or about 21 per cent 

Nitrogen , • 79*02 „ „ 79 „ 

Carbonic dioxide 0*02—0*06 „ ^ „ 4 parts in 10,000. 

The amount of moisture contained in the air is very variable, and 
depends ill a great lueaKurc upon the temperature and the direction 
of the wind. The dampness of the air depends ui>on the tempera- 
ture, so that air containing the same absolute amount of moisture 
may be relatively dry or damp, according as the temperature rises or 
falls. As a general iiile the air is i-elatively dry, that is to stiy, it 
does not contain so much moisture as it is capable of taking up in 
the form of aqueous vapour at its ordinary temperatura At cei^in 
times of the day the air may be satumted owing to a sudden fall of 
temperature. 

The temperature of the air which we breathe of coiurse varies 
considerably, according to the season of the year, &c., but almost 
always in this country it is lower than that of our bodies. 

* On aocoimt of the difference in the atomic weights, the atmos{Aere betii^ onljr a 
muiAaHkdl mixture of the gaeee, the prox>ortion hy weiin ie slight diffemiit, betng 
Abont-Oxygen 28 per cent., Nitrogen 77 per cent. 
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Expzbibd Air. 

The following are the notable characters in the tidal air on its 
leariag the air passages 

1. It is rich in CO,, containing on an average 4*38 per cent in 
quiet breathing. 

2. It is poor in containing about 4*5 per cent less than the 
atmosphere. 

3. A slight increase in the N. has been observed^ possibly the 
outcome of nitrogenous metabolism. 

4. The temperature of the air is approximated to that of the body, 
and it therefore commonly exceeds the temperature of the air inspired. 
The air on leaving the air passages is about 36*5^ C. This is not 
much influenced by the temperature of the atmosphere, as may be 
seen from Yalentiue’s Table : — 


Teoa^tiiies of Atmospliera 


and of Baqpired Air* 


-6*3® C. « +29*8® a 

4*17*0® C. « 436-2® C. 

+44*0® C. - 438*5® C. 


It can be seen from the last statement that very hot air (+44® C«) 
if breathed is cooled in its transit tlirougli the air passages. 

5. In quiet breathing the expired air is saturated with moisture ; 
in rapid breathing this is not the case. It must be remembered that 
the air when warm is Capable of holdingoa greater quantity of vapour 
than when it was inspired. The difference can be best appreciate in 
cold weather, when the vapour of the warm expired air is condensed 
on meeting the cold atmosphere. Gretit quantities of water and heat 
are given off in produciag this saturation. 

6. if the tidal air be dried and cooled and measured at a certain 
pressure before and after respiration, it is found that the expired air 
has lost about of its volume. But owing to the expanaiem from 
the increased temperature and the presence of the vapour, the volume 
of air expired is greater than that inspired. 

If the oxygen were all used to make CO^ these volumes ought to 
be the same, for the volume of UO, is e(|tud to that of the 0 it 
contaiiii, if s^ free. The volume CO, given off is, however, only 
about 4*38, to 4*5 volumes of O taken in, so that part of the 0 must 
be used in some other way than in the manufricture of CO,. 

7* The expired elf'll elso said to contain traces of the followiitg 
Imputiliei ^-^l) amini)|l^ (2) hydrogen, (3) carburettod hydrogen 
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(4) organic matter. These, and probably other impurides, 
give the breath its peculiar odour and noxious ploperties, for an 
atmosphere rendered ^Utu^** by expired air is much more injurious 
to health than an atmosphere in whidi a similar deficiency of 0, or 
excess of CO, had been artificially produced by chemical means ; 
this fact ought to be remembered when calculating the ymitilation 
Te<tuired for hygienic purposes. The following Table may assist in 
comparing the atmosphere with the expired air : — 



Atmosphere. 

Expired Air. 

Difference. 

CO, 

o 

N 

Temperature 

Moisture 

Volume 

Impurities 

*04 per cent. 
20*81 „ 

70*16 », 

—0" C. »5* C. 

about 10 grms. to 1 
cubic metre. 

4*38 iier cent. 

10*03 „ 

70*55 

29*8“ C.-38-5* a 
about 40 grms. to 1 cubic 
metre. 

(Apparently increased, ab- 
( holutely reduced Atli. 

4 NH,, H, CH*, and jioiBon- 
1 ous oiganic matter. 

+4*34 
—4*78 
+ *40 


About |th of the O which is used does not take part in the pro- 
duction of the CO,, but this proportion may vary greatly. Thus the 
(istimatiou of the CO, can give no sure guide to the amount of O 
taken up ; and each gas has to he estimated separately if an accurate 
measurement be required. 

The average amount {)er diem may be said to be : — 

Caibon dioxide . . • given off about 800 grammes. 

Oxygen • . . consumed fibout 700 „ 

Water .... given off about 500 „ 

The amounts of O hiken up ami of CO^ given off, differ in 
different individuals and in the same individuals under varying 
drcumstjiuces, among wliich the follo\iing may be enumerated : — 

1. Increase in the rapidity or the depth of respiratory movements, 
accompinied by an increase in the tidal stream, pix)duces an increase 
of the total amount of CO, given off, while the percentage in tlie 
volume of expired air is diminished. 

2. It varies with age. The amount increases with age up to 30 
years, and then remains constant 

3. Sex ; is less in women than in men, hut it increases in preg<» 
nancy. 

4. With muscular activity it is notably increased. 

5. Change of temperature of the air haaa ipai*ked influence on the 
CO, output of cold-blooded animals, in wlkich it increases in diveet 
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proportion to the ehivatitm of temperature. The effect on warm- 
blooded ones is the opposite so long as they ran regulate their tem- 
perature. The sustentixtion f>f the body tempemtiire in cold weather 
is accomjKinied by a distinct increase in the output of carbon dioxide. 

6. The time of day ; a maximum is arrived at about midday and a 
minimiuu about midnight. 

7. An increase in the amount of carbon dioxi<le in the atmosphere 
diminishes the amount given off from the lungs. 


Changes the Bi.ood underooes in the Lungs. 

In orler to understand how the oxygen and tlie carbonic acid pas.*; 
to and from tlie bK)od in the jmlmonarv rapillaries we must know 
the relationship of these gases to the blood in the arterial and venous 
^ides of the circulation. 

In the chapter on the bloinl (pp. 11)3, 194) it is stated that both the 
oxygen and the carbon <litixide can be removed from the blood by the 
mercurial air-pump, ami that the liivater part (*f tliese gases an* 
chemically united with some of the constituents of the Idood, and 
that a ditterent quantity of each ga< is found in {irt(*rial and venous 
bhxHi. Now that we know that the diange from the venous t(» the 
arterial condition takes pl.ice during the pa^sixgt'of the blood thi ongb 
the pulmonary capillaries wliere it is expoi^ed to tlie air, we may 
assume tliat the ac*iui-itioii of oxygen and the loss of (’Oj^ form the 
essential difference Ix-tweeii venous and arterial bloo<l. 

From eith<*r kind of 4)lood about ffo vcJiiiiies i>er cent. (»f ga.s may 
be extracted with the mercurial gas-]»iimp. Tlie com])0fliti(m of tliis 
varies considerably in Vviiou.**, but not vi^rv niiicli in arteiial blood. 
An average is given in the full(»wing Table 

O jK'i c< Mt. ( Oj |»i r \oh. N jMT 

Arterial . . .39 1- 

Venous . . 8—10 (about) 40 1-— g 

The more r.ipidly the ga-es aie remoVMl the grt*ater is the ])ro- 
portioii of () that can In- obtaiu'-d ; as delay alhiws s<»me (»f it to 
combine with eanly oxidised sub.siances in the bloo^l itself. Tlie 
.miount of oxygen varie-? in diflenait itaits of the v<‘nous system. Jii 
the blocnl of an aTiim<al wliieh Jia- <lied of slow a-^iJiyxia only traces 
of oxygen can 1«* found. 

The proofs that O is, for tin* nifisl part, in chemical combinatif>ri 
with the ha'iuoglobiu of tlie red blood corpuscles, and not merely 



OXTHiEMOGLOBIXi 


289 


absorbed^ as one might be letl to suppose from its coining away when 
the pressure is removed, are numerous and satisfactory. 

First, — ^When arterihl blood is submitted to gradual diminution 
of pressure in the mercurial air-pump the oxygen does not come 
away in accordance with the established law of the absorption of 
gases (Henry-Dalton) by coming oif in })roportion to the diminu* 
tion of the pressure, as at first only traces appear (probably the 
small amount really dissolved), and when the pressure has been re- 
duced to a certain point the oxygen comes off suddenly ; after which 
little more am be obttiined by further reduction of pressiu*e. Haemo- 
globin combines with O in the same way, very rapidly at first when 
the pressure is low, and then with a mucli higher pressure a smaller 
<iuantity is taken up. 

Secondly, — If the oxygen were only in a state of absorption, the 
blood while passing through the pulnionary capillaries, could only 
take up about 0*4 volume per cent., which wrmld be inadequate for 
life. We know that the quantity of O going to the blood from the 
air in the alveoli cannot well he explained on physical grounds 
alone ; and, moreover, when an animal is allowed to die of as- 
phyxia in a limited sjmce, all the O of the air in the space is 
absorbed. Since the partial iires'iure of the 0 in this case must 
fall to zero, it cannot he the jire^Mire u Inch makes the O pass into 
the blood. 

Another^ oondii'-ive j>i'ooi* that the union of the O with the liamio- 
globin is really a clieniical one, given hy the spectroscopic examina- 
of a hiemogh^bin solution, ^Wheii deprived its O, and after the ad- 
mixture of the air, (piite dissimilar s}>eotra are S(H‘n, as almid}' pointed 
out in Chanter XIV, (Fig. 107\ 

The amount of O taken uj) hy the blood is not always in propor- 
tion to the ]>res9ure of that gas, Imt rather to the amount of haoino- 
globin in the blood ; and we therefore find the aiknpiacy of the 
respiratory function of the blood going Imiul in hand with its richness 
in hcomoglobin, and thus the “ .diortuess of breath ^ of anmmic and 
chlorotic individuals is explained. 

Our knowledge coneeniing the relation of the CO, to the consti- 
tuents of the blood is less defiiiiU* and clear. 

It does not altogether exist as a more idiysical solution, for it conies 
off irregularly under the air-})ump, and does not obey exactly the 
Hemy-Daltoii law of the ahs(»rptioii of gases. Part comes off easily 
and part with difficulty. It is not associated wdlli the corpuscles, 
for more of this gas can be obtained f!x>m scrum than firtim a like 
quantity of blood. It is more easily removed fi*om the blood than 

V 
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from tib,e serum^ a certain proportion (about 7 per cent, of the whole) 
remainiug) in the serum in vacuo, until dissociated by the addi* 
tioi! of an acid or a i)iece of clot containing corpuscles. If bicar. 
bonate of soda be added to blood from which all the gas has been 
removed, still more COj can be pumped out, from which it would 
ai)i)ear that something exists in tlie blood capable of dissociating CO, 
from sodium bicarbonate. 

It has been suggested that the CO^ is in some way associated 
(possibly as sodium bicarbonate) \nth the ]>lasma of the blood, and 
that the cori)UScles have the power of acting like a weak acid, and 
of dissociating it from the soda, and thus raising its tension in the 
blood. 

The gieat importance of the chemical naturci of the union 
between the 0 and liiomoglobin for external respiKition becomes 
most striking wdien the actual manner in which the entrance of the 
O is ellected is taken into account. 

It must be remembered that the further we tmce the air down 
the passiiges, the le8j> will be the percentage of O found in it, 
and tlierefore a less pressure exerted by that gas. This is shown by 
the fact that the air given out by the latter half of a ^ingle expira- 
tion has le^'S 0 and more COg than that of the liist half. The most 
impure air lies in the alveoli of the lung, for, since the tidal air 
scarcely fills the tubes, the iiir in the alveoli is only changed by mix- 
ture and diffusion witli the impure air of the small bronchi. Any 
impediment to the ordiimry ventilation of the alveoli so reduces 
the percentage, and therefore the tension of ^the O, tliat it would 
prcdnibly sink below that in the blood, and in that ca.se, wi^re it 
not a chemical union, the O would escape from the blood in projwilion 
as its tension in the bhuxl exceetled that of the air of the alveoli. We 
know it does not do this, even in the intense dysj)ncca of suffocation. 

In the same way tin* ditfereiice ol tension of the COg in the alveolar 
air and in the blood, haidly ex])lttin'' tbe steady manner in which 
the COg escapes, and it has therefore been sugge^'ted tluit this escape 
js also in some way a chemical X)ri»cess, ]>ossibly connected with the 
union of the 0 and Inemoglobin ; because the admission of O to the 
blood seems to facilitate the exit <»f the C’Og. 

The following table gives the ai»proximate tension of tlu* two gtises 
in the different st(*ps of the interchange, and 8ho^^s that the tensions 
are such as to enable physical absorption to take soin*‘ share in the 
entran(*.e of the 0 as well os in the osra]»e of the C O^, A separate 
column gives the volumes x>er cent, of each ga*?, corres]>ondingto these 
tensions. This X)rocess must occur before the oxygen and tlie Innmo- 
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globin meet, since tlie latter is bathed in the plasma, and further 
separated from the 0 by the vessel wall and e}>ithelium. 



CO, 

0 



Correspond- 

1 

Correspond- 


Tension 

ing Volnme 

1 Tension 

ing volunie 

1 

ill mm. H^. 

per cent 

in turn. Hg. 

per cent. 

In art<*rml bloo<l 

21 - 

2-8 

29-6 

S*» 

In venous blooi] . 

41- 1 

5-4 

1 22 * i 

2*9 

In air of alveoli .... 

27‘ 
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Internal Respiration. 

The arterial blooil while fiowini; throuj^^li the capilLiries of the 
gystemic cireuhition and 8iippWn<4 the tissues with nutriment, under-' 
goes changes w-hich are (‘ailed intenial or tissm‘ respiration, and which 
may be shortly defined to he the convei*se of pulmonary or extemal 
respiration. In th(* external re^jdiivtion the hhxKl is changed from 
venous to arterial ; whereas in internal respiration the Mood is again 
rendered venous. 

There can now bt* no doubt that these cheinical changes take place 
in the tissues themselves, and not in the blood as it flows through 
the vessels. The amount of oxidation tliat tak(‘S ])lace in the blood 
itself is indeed very small. The tissues, however, along with the sub- 
stances for their nutrition, extract a certun ]>ai t of tin* 0 from the 
blood. In the chemical changes which take place in the tissues, they 
use up the oxygen, ^'hich rajudly di^ppears, the tension of that 
gas becoming almost nil ; at the .same time otlier chemical changes 
an* in<licated by the appearance of C(\, The* disfippearajce of the O 
and the manufacture of CO3 need not exactly correspond in amf»unt, 
and they doubtless often vary in different parts and under different 
circumstances. Of the intermediate st<*ps in the tissue chemistry we 
are ignorant. We df) not know the way in wliicli the oxygen is in- 
dncetl by the tissues to leave the liwinoglubin ; we can only say that 
the tissues have a greater affinity for O than the ha‘raoglobin hiis, 
and they at once convert the O into more stable coinj)ounds than 
oxj^hajmoghibin, and ultimately manufacture CO^ which exists in the 
tissues and fluids of the bmly at a liigher tension tlian even in tlie 
venous blood. 


Re-spibation op Abnormal Air, &c. 

The oxygen inc omeand carbonic acid ontputarethe essential changes 
brought a^nt by respiration, therefore the presence of oxygen in a 




EESPIRATION OF POISONOUS GASES. 


293 


certain proportion is absolutely necessary for life. The 21 per 
cent, of 0 of the atmosphere suffices to saturate the lisemoglobin 
of the blood, and 14 per cent, of O has been found to Ije capable 
of sustaining life without producing any marked change in respi- 
ration. 

Dyspnoea is produced by an atmosphere containing only 7*5 per 
cent, of 0. This dyspnoea rapidly increases as the percentage of 0 
is further decreased, and when it gets as low as 3 per cent, suffoca- 
tion speedily ensues. 

The output of COa can be accomplished if the lungs be ventilated 
by any harmless or indifferent gas, and since the manufacture of the 
CO, does not take place in the lungs, its elimination can go on inde- 
pendently of the presence of 0 in them. The 79 ])er cent, of N wni- 
tained in the atmosphere hiis a im'^sive duty to ^jerform in diluting 
the 0 and facilitating the escape of the CO, from the lungs. 

Indifferent gases tire those which produce no unpleasant effect of 
themselves, but which, in the absence <»f 0, are incapable of sustain- 
ing life, such as nitrogen, hydrogen, and CH^. 

Irreqnrahle gases are such as, owing to the irritating effect on the 
air passages, cannot be res])ired in quantity, as they cause instant 
closure of the glottis. In small quantities they irritate and produce 
cough, and if ]>ersisted in, iuflaiumation of the air jmssages ; among 
these are chlorine, ammonia, ozone, nitious^ ftulpliurous, hydrochloric, 
and hydrofluoric acid'-. 

Poisonous gases are those whicli can be breathed without much 
inconvenience, but when broyght into union jv^ith tlie blood cause* 
death. Of these there are many varieties. (1.) Those which per- 
manently Usyrp the plact* of oxygen with the hiiemoglobin, viz. : — 
carbon monoxide (CO), hydrocyanic acid (ll(^N). (2.) Narcotic : 
(a) carbonic dioxide (CO.^), of which 10 per cent, is rajudly fatal, 1*0 
per cent. pt»isoiiou.s, and f»ver Od percent, injiiiious. (fi) nitrogen 
monoxide (N,0). Both of these gases lead to a |H‘Cttliar asphyxia 
without convulsion.s. (y) chlorufoim, ether, A('. 

(3.) SulphuretU'd hyilrogen (H,S), whicli revluces the oxyhaemo- 
globin, and prodin es sulphur ainl water. 

(4.) Phosphuretted hydrogen (PH,), aiseniim*t ted hyilrogcn(As ll,), 
and cyanogen gas (CjN,) also have specially poi^unous effects. 


Y ENTILATXOX. 

In tlie open air the effects of respiration on the atmosphere cannot 
be appreciated, but in enclosed space*^, such as houses, rooms, &c., 
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whidi are occupied by many persons, tbe air soon becomes appre- 
ciably changed by their bn^athing. 

The most important changes are (1) removal of oxygen, (2) increase 
in carbonic acid, and (3) the appearance of some poisonous materials 
which, though highly injurious, cannot be determined. The defi- 
ciency in oxygen never causes any inconvenience, as it is never 
iedu<^ below what is suflicient for the satuiation of the hsomoglobin. 
The excess of CO^ sehU)ni gives any inconvenience, since the air be- 
comes disagreeably fu'sty or stuffy from breathing long before the 
amount of 00, has reached 0*1 i>er cent., which amount of pure 
CO, can be inspired without any unpleasantness. It is, then, the ex- 
halations coming from the lungs, and probably skin, some of which 
must have a poisonous character, that render the proper supply of 
fresh air imi>erative. 

Tlie difficulty of dett'nuining the presence of the poisonous organic 
materials, makes it con\eniint to nse the amount of CO, pn^sent in 
the air the means of measuring its general purity. AVe siij)pose, 
then, that the relation bi-tween the poisomais oiganic ingredients and 
the CO, is constant. 

Air, which ronder(‘d impure by breathing, becomes disitgreeable 
to the 8en.se of smell ^v hen the CO, has rcacht*<I the low standard of 
•06 or *08 per cent. That is to say, scarcely t\nce as much CO, as 
is contained in the jmre atmo^jdiere. Supposing that air is un- 
wholesome when its impurities are aj)iireciable by tlietsenhes, tlieii, 
if the animal hody Ihj the .•source of the CO,, *06 ]>er cent, of this gas 
makes the air unfit fer u^e. • 

An adult man diseng.iges more than half a cubic fo<»t of C(^, in 
one hour (*6 Parkes), and (*onse(piently in that time hetfonders <|uite 
unfit for use more than loOO cubic feet of air, by raising tin* 2 >er 
centage of CO, to -1 ^04 being initial, and H)6 let-pirator}^). 

It is obviouh that the smaller the space ainl the more confined, 
the more rapidly will the air liecome vitiated by respiration. It 
becomes necessary f«»r liealtli, therefore, to have not only a certain 
cubic space and a certain change of air for each individuals 
but the cubic s])ace and the clmnge of air should bear to each other 
a certain prop<»rtion in order that the air may r(*main sufficiently 
pure. 

The space allowed in public institutions varies from 500 to 1500 
cubic feet per heml in such apartments as are occui>ied by the indi- 
riduals day and night. As a fair average lOOO cubic f<*et may lx* fixed 
as the necessaxy space in a perfect hygienic amingement. In order 
to keep this perfectly wholesome and free from a stuffy smell, and 
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the COj below *06 i)er cent., it is necessary to supply some 2000 cubic 
feet of air per head per hour. 

To give the necessary supply of fresh air without introducing 
draughts or greatly reducing the temperature of the room is no easy 
matter, and forms the special study of tlie hygienic engineer. 

Asphyxia, 

If the proper supply of oxygen be by any means withheld from the 
blood BO that its percentage is reduced to a certain point, the death 
of tlie animal follows in 3 to 5 minutes, accompanied by a series of 
phenomena, commonly included under the term asphyxia, which 
may be divided into four stages. 1. Dyspneea. 2. Convulsion. 3. 
Exhaustion. 4. Iiisiuralory spasm. 

If the air passages l»e closed completely the respirations become 
deep, laboured, and rapid. The respiratory efforts are more and more 
energetic, and the various siipi>lementary muscles are called into play 
one after the other, until gradually the second stage is reached in 
about one minute. 

As the struggle for air becomes more severe, the inspiratory 
muscles lose tlieir power, and the expiratoiy eff orts become more and 
more marked, until finally the entire body is thrown into a general 
con\'ulsion in which tlie traces of a rhythm are hardly a] >paient. 
This sta^e of convulsion is shoi1, the expiiatory muscles becoming 
suddenly relaxed from exhau*'tion. 

Then the longest stage airivi*sin which the animal lies almost 
motionless, making soiue^piiet iu8piiatorv*atteini)ts. These become 
gradually deeper and •'lower, until they are nothing more than 
deep gas^s separated by long ineguhir intervals. 

The pupils of the eye.s become widely dilated, the pulse can hardly 
be felt, and the animal lies apparently dead, when often after a sur- 
prisingly long interval one nioi e respiratory gasp follows, and with 
a gentle tremor the animal stretches itself in a kind of tonic inspi- 
ratory spasm, after wliicli if i^ no longer ca]>able of resuscitation. 
This last jmlseless stage to which tlie term asphyxia is more properly 
confined is the most ineguhir in duration, but alwa\s the longest. 

■ The blooil of an animal whicli lias died of a^'phyxia is nearl}’ desti- 
tute of oxygen, the lia}moglobin being in a much more reduced 
condition than is found in venous blood. Tht‘ fii'st and most 
obvious effect produced by the circulation of blood so deficient 
in oxygen is excessive stimulation of the resjiiratory centi’e, which 
causes the extreme and vaned actions just described. At the same 
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time tlie blood paaring tbxou^ the ayatemic cai^arka 

eSeeta aooat pcofoiiiidly ^ vaao-motor nerve mechaniam, so aa to 
eanae e Xi^id end oonsideTable rise in Hood preaanre in the lixat 
afeage of eag^yida* The general constriction of the small arteries may 
be broOfg^ about by the venous blood acting directly as a stimulus 
to theh^uUary and spinal vaso-motor centres, to the local centres^ 
or aa direct sthnnlation of the muscle ceUs of the arterioles them- 
aelves. The centres in the medulla which govern the inhibitory 
hbres of the pneumogastiio are also stimulated, and consequently the 
heart beats more slowly. The increase in arterial tension and the 
dow beat give rise to distension of the ventricle, which, when a 
omtain point is reached, impedes the working of the heart, and its 
muscle begins to beat more and more feebly, so that in the third stage 
the impulse can hardly be felt. The muscular ailerioles then become 
exhausted and relax, the blood pressure falls rapidly, and with the 
death of the animal reaches zero. Both sides of the heart and great 
veins are engorged with blood in the last stage of asphyxia ; the cardiac 
musde being exhausted from want of oxygen, is unable to pump the 
Hood out of the veins, or empty its cavities. 

Owing to the force of the rigor mortis of ‘the left ventricle, and 
the greato capacity of the systemic veins, the left side is found com- 
paratively empty some time after death, and at ;pod mortem exami- 
nation the right side alone is found o\'erhIled. 



CHAPTER XX, 

BLOOD ELABOBATllSra GLANDS. 

Ik the preceding chapters we have seen that the blood undeitgoes 
im|K)rtaiit clianges as it courses through the different parts of 
its circuit. Wliere it comes in contact with the tissues it yields to 
them nutrient material for assimilation, and oxygen for iheir 
metabolism, and carries away from them some waste products. In 
the limgs it receives oxygen and gives off carbonic add. While it 
flows tl^ugh the minute vessels of the alimentary tract some of the 
materials elaborated by the digestion of food are absorbed, and 
directly added to the blood ; at the confluence of the great veins in 
the neck the stream composed of lymph and chyle is poured into 
the blood before it enters the heart, so as to be thoroughly mingled 
with it on its return from the general circulation. Moreover, in 
various glands, different substances are used in the manu&cture of 
their secretions. 

Thus it is obvious that there is a kind of material circulation, a 
constant income and output going on in the blood itself as it passes 
through the diflereiit ports of the body. The investigatian of the 
exact changes which take place in the blood in each organ or part is 
surrounded with difficulty, and in many cases it is quite impossible 
to ascertain what changes occur. In some parts it may be made out 
by noting the ijgsults produced, or the substances given off or taken 
up by the blood, as seen in the changes found in Uie air after 
its exposure to the blood in the lungs, where we can definitely 
state that the blood has lost or gained certain materials, and is so fiir 
altered. In other ports, such as the muscles or the ductless glands, 
where no doubt profound changes in the blood occur, w^e have no 
separate outcome which we can analyse, and we must therefore trust 
altogether for the elucidation of the change going on in tliem to the 
differences which may be found to exist in the blood flowing to, and 
that flowing flx>m, such an organ. For this purpose one can either 
examine samples of the blood from the aileiy md vein of the orgm. 
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'irfiilt oiareolatton is going on, or, immedktdy alter the 

of the organ, by oansiiig an axtiMal stream ^ blood to 
__ flow through itj Ihen the 



changes brought about in the 
blood by its passage throng 
theorgan will give ^eieqiiired 
information. It can be seen 
flx>in the foregoing enumera- 
tion of processes, that some 
oiganshavea double function 
as regaids the blood. Thus, 
in the lung there is both reno- 
vation by taking in oxygen, 
and purification by getting rid 
of carbon dioxide. The tex- 
tures in their internal respira- 
tion take the nutriment and 
oxygen, and give to the blood 
CO, and various other waste 
products of tissae change. 

Ductless Glands. 

In the preceding chapters 
the chief sources of income to 
the blood, viz., the alimentary 
tfact and the lungs, have 
l>een considered ; and the 
changes the bloocF undergoes 
in its passage through the 
tissues in the systemic capil- 
laries liave been alluded to. 


156.>-Veriical seitioii of the Supro-rmal 
Capftttle. 

1. Cortex. 2. Medulla. 


The elimination of one of the 
most important outcomes of 


a, Kbtoos CEfHfolc. 
h Xxtexnal ceU masses, 
s. Ooinnuiar laycfr. 
d* Tntewial eeSX masses, 
s. Mednllarr substance, in which lies a 
latge fidxw piu^y seen in section/. 


tissue change, namely, CO,, 
has been described. 

It has, farther, been diown 
that a great part of the ab- 
sorbednutrient material passes 


liisoiil^ a spedal set of vessels called the lacteals or lymphatics, and 
in so doing has to traverse peculiar organs called lymphatic 
where it is no doubt modified, and added to it a number 


of odk (lymph oorptisoIOfi) whidi subeequetitly are pmstod into the 
iMge vring the fymph and beeome important eonstitnente of 
the blood 

There is aeertainset of organs, which have bht dight traits ofresem- 
Uance to one another, and incoxise^tteimectf thewantofmeieaeeniate 
Itnowledge as to their exact function^ are commonly grouped together 
as ductless or blood glands. Some ci these axe doubtlese^l^eialy ak^ 
to the lymphatic glands, their duty being the further ekboration and 
perfection of the blood. In this group are cominonly placed the 
supra-renal capsules, the thyroid, the thymus, and the q»le<isi^ 


SUPRA-RENAL CaPSOLE. 

With regard to the function of the snpra-renal capsule Ve may say 
that nothing definite is known. The cortical part is said to resemble 
the lymph follicles in structure, w'hile the central part, on account of its 
numerous peculiar large cells, and great richness in nerves, has been 
explained as belonging to the nervous system. 



Fig. 157.--Seotioii of the Thyroid Gland of a ChQd, showing two complete sacs and 
portioiis of others. The humogcncons colloid substance is represent^ as occupy- 
ing the central part of the cavity of the vesides, which are Mned by even onbiOfU 
epithelium. (Boh&fer.). 


Thtroiu Body. 

The thyroid is made up of groupe of minute closed sacs embedded 
in a stroma of couneotiye tissue, lined with a single row of epithdiuin 


m 


MAiruM. or tavsioiiocnr. 


wlih ft fluid iftft ci iftt In thft 

tliftiM mftoranft^ dii^dedwlth a ooUoid siibfltaloe ftiid 

andflie epithelium has disappeared from their wiUa 
Although said to he ndi in lymphatics and to 
contain foUicnlar tissue, positive proof of the 
rdation of the thyroid body to the lymphatic 
system is still wanting. 

Thymus Gland. 

The functional activity of the thymus is re- 
stricted to that peiiod of life when growth takes 
place most rapidly. It is w^ell developed in the 
fmtus, and increases in size for a couple of years 
after birth ; but it gradually diminishes in bulk 




X%.ldS.-«3EVxrti<nor 
^yrniw lanovcd 
SUHtt its eovdope 
aaS immvcinscl so 
as to Miow Hie 
lotmlei (bf h) at- 
tsdMdtoaeeutnil 
sonneetlve 


Its* —Maimifitid section of a portloaof 
iaiected IliymuA, sbowsng one complete 
lotmle with ncift central part (eaiity) 
{ 1 ), and parte of other lotmice (Oadiat.) 

(a) Lymphoid taiwuc. (c) Blood veesela. 
{di Fntinms tiMue. 


iHtd loaes iti ot^;iiul Btractiu<e dui-in^ the later i>eriod8 of childhood, 
m w to hocome completely degcneratnl and fatty in the adult. It ia 
lOiWipoaedaf nnmeroua little follirles of lymphoid tuwue collected into 
jnmpatttlobalM connected to a kind of central etalk. The lymphoid 
aiB}cle» of the young Ciymua have aome likenew to thow of the 
lilmtiiial tact^^tb^ differ fo»n these agminate g^ds not only in 
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waamgmmt but also in having small peculiar nests of la^ cells 
(corpuscles of Hassall) in the midst of the adenoid tissue of which 
they are mode up. On account of the 
structure of the lobules being so nearly 
identical with that of a lymphatic gland, 
and from its great richness in lymphatic 
vessels, the thymus is said to be related 
to the lymphatic system, and is supposed 
to play an important pak in the elaboni- 
tion of the blood during the earlier stages 
of animal life. 

Spleen. 

Kg. ICO.^-Elements of Thy- 
The spleen also resembles a lymphatic rSIdiat!?^ p«»wer), 

organ in structure, but differs from it , « 

in the relation home by the blood to tlie [jj tt.._ 

elements of the follicular tissue. It is sail, 

encased in a strong capsule made of fibrous 

tissue and unstriated muscle cells. From this many branching pro> 
longations pass into the substance of the organ, so as to traverse the 




Kg, 161. — (o) Trabecultio of the Spleen. (6) Artery cut obUqudy. (Cadiat.) 


soft red spleen pulp. In these trabeculm or prolongations from 
the capsule are found the branches of the splenic artery, dividing 
into smaller twigs without auastomosis. On leaving the trabeculaa 
the arteries break up suddenly into a brush-like series of smaUt, 
branches, ending in capillaries which are lost in the pulp wher^ 
small yeins may be seen to commence* 
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Hie m fimnd two dietinct Utids of 

Boeadftd ism^ lymphoid tissue, which oxe heiie and 

sostfcered thmugh the oigaa (ICalpighku corpuscles) ; and (%) the 
peedliws^ i^l^c pulp. 

Ilie smuU rounded masm of lymph folHonkr tissue oxe situated 
on themme of the fine arterial twigs. The deUcate adepoid 

culum which holds the l^ph 
cells together) is intimatelf cof * 
nected with vessel wall 
pale appearance of these foUiele% 
which distinguishes them from 
the surrounding splenic pulp^ 
cle]>ends on the number of the 
white cells which are packed in 
the meshes of this perivascular 
adenoid tissue. 

The q)lenic pulp consists of a 
system of communicating lacu- 
nar spaces lined with endothe- 
lium. Into these spaces the 
blood is poured from the arteries, 
and thus mingles with vast 
numbers of white cella Besides 
the ordinary blood discs and the 
white corpuscles or lymph cells, many peculi^ cells are found in 
the spleen pulp* Some ef these look likf lymph cells containing 
little mfwsfft of hamiuglobin, and appear to be transitions from the 
colourlesa to the red corpuscles, wl^st others, small, misshapen, red 
oorpuseks, are regarded as steps in a retrograde change in the discs. 
But few, if any, lymph channels lead feom the spleen-pulp, and 
only a relatively small number pass out from the hilus, so that the 
ipbnic axtety and vein must be regarded as taking the place of the 
k affecmit and efferent lymph channels. 

Chemical examination shows the splenic pulp to have remarkable 
peou&uitiea Although so full of blood, which is generally alkaline, 
Ae lipleeuiB acid in reaction, and contains a great quantity of the 
otidfa^m products (so-called extractives) commonly found as the 
iesuItofi<iive tissue change. Thechief of theseare uric add,lettciii, 
fcypoxanthin, inosit, lactic, formic, sueeime, acetic, and 
bni^c aciia It also contains numerous pigments, rich in carbon, 
bat little known, which are probably the outcome of destroyed 
bffttioglotdtL A peculiarly suggestive constituent is an albumiuoas 



lS2.-~Betioiiliim of tike Spleen Pulp 
injeetecl with ocdoutleiii gdatine. 
(canst) 

(«) liediei made of eodotheUum. 

(5) LMmar qwees, Umvagli udiifdk the 
Uioodfloim. 

(«) Ifadei ctf endotheKnin. 
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body oontalnliig ivon. The wHi is Ibtuid to ccKutoin a conddezable 
qtaloitity of oxide of iion, to be zieh in phosphates and soda, with 
but small qnantlties of chloxides and {Kvtassium. 

If the blood flowing in the artery to the spleen be compared with 
that in the vein, the difference gives ns the changes the blood has 
undergone in the orgax^ and hence is of great importance* In the 
blood of the vein is found an enormous increase in the number of the 
white corpuscles (1 white to 70 red in the vein, as against I to 2,000 
in the splenic artery). The red corpuscles from the vein are smaller, 
brighter, less flattened than those of ordinaiy blood ; they do not 
form rouleaux^ and are more capable of resisting the injurious influence 
of water. The blood of the splenic vein is also said to have a great 
proportion of water, and to contain an unusual proportion of uric 
acid and other products of tissue waste. 

The amount of blood in the spleen vaiies greatly at different 
times. Shortly after meals the organ becomes turgid, and remains 
enlarged during the later periods of digestion. The size of the 
epleen, which may be taken as a measure of its blood contents, is 
oIbo altered by many abnormal conditions of the blood. Thus, in all 
kinds of fever, particularly ague and typhoid, and in syphilis, the 
spleen becomes turgid, and in some of these diseases it remains 
swollen for some time. In a remoikable disease, leucocytluemia, in 
which the white blood cells are greatly increased in number, and 
the red on^s are comparatively diminished, the spleen, in company 
with the lymphatic glands, is often found to be profoundly altered 
and diseased, and commonly^ immensely enlarged ; but, on the other 
hand, advanced amyloid degeneration of the spleen may occur without 
any notable alteration taking place in the number or properties of 
the blood corpuscles. 

The spleen may be removed from the body without any marked 
changes taking place in the blood or the economy generally. It is 
said that if an animal whose spleen is extirpated be allowed to live 
for a certain time the lymphatic glands increase in size, or become 
swollen. 

In attempting to assign a definite function to the spleen all the 
foregoing feusts must be carefully reviewed, and the jnsculiarity of its 
(1) sfrwciure, (2) chemical compontimf (3) the cfiangts Hic Hood undet^ 
goes while flowing through it, (4) the variaiions in blood supply w*hich 
follow normal and pathological changes in the economy, and (5) the 
absence of effect following its cxHrpaiionf must aU be borne in 
mind* 

Its structure teaches us that it is intimately related to lympbalio 
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^Tlie Ibl^gliiBii bodies are siiiipljr l 3 ntijdt foUidei^ and 19ie 
]|^p m$f be tc^^faided as a siiitis like Ibat if a lympb-^^di with 
Ibis dilfomee, that it is traversed by blood instead of lymph, fhe 
eett elMieiitB found in it indicate that not only white cells axe 
lipidly generated^ but also that these ceUt have some peetiliar rela« 
Hwiliip to hsDmoglobin, as they are often found to contain soma. 
!Elie varieties in idze, form, and general appearance of the red 
oospaacles can be accounted for by either their destruction or their 
formation occurring in this organ. 



]S%. ies.^>Seotioii of Spleen through a lymph follicle (UCalpi^uan body) (a) mjeeted 
to iftkow the vOMol ; {c) entermg the follicle, the lymphoid tianie ol whidti ie pale 
in oofnpaneon with the pulp (b), the meshes of which are filled with injection. 
(Cadiat.} 

Its chemical composition aUo nhows that certain special changes go 
m in the pulp, and that probably stages of the construction or de* 
etmetkai of bs^oglobinare here accomplished may be infexred from 
llie peculiar association of iron with albuminous bodies. 

Wi&m the eharacteie of the blood flowing from the spleen it has 
been mtgued that, besides an enormous production of white corpuscles, 
the destruction of the red discs goes on, while some new discs are 
foimed, probably by means of the white cells xnakiiig hiemoglobin 
in their protoplasm, which, gradually disappearing, leaves only the 
led xnim of hsmoifi^obiii. 

The ineressed aefdvity of the spleen after meals, and in certain 
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abnormal states of the blood, as shown by its containing more blood, 
distinctly points out that some form of blood elaboration goes on in 
it, which is nearly related to, or associated with, nutrition. 

The swelling of the lymphatic glands after extirpation of the 
spleen confirms its relation to these organs, and the fact is undisputed 
that it is a source of the white corpuscles of the blood ; but the 
l)aucity of evidence after this operation as to changes in the number 
or character of the red discs prove that if the spleen be either the 
place of origin or destruction of the red corpuscles it cannot be the 
only organ in which they are produced or destroyed. 

Glycogenic Fcnction of the Liver. 

Of all the oi^ans that modify the composition of the blood as it 
flows through them, the liver idaj's the most important part in 
elaborating the circulating fluid. The elimination of the various 
constituents of the bile, which lias already been mentioned as neces- 
sary for the purification of the blood, and useful in aiding absorption, 
is probably but a secondary function of this great gland. The pro- 
duction of a special material — animal starch — essential to the nutri- 
tion and gro>vth of the textures is, in all probability, the main duty 
of the liver cells, and possibly the constituents of the bile are but the 
by-products which must be got rid of, resulting from the chemical 
processes of the manufacture. 

In the cliapter on the digestive secretions the structure of the 
liver was mentioned, and attention was direvted to the jieculiarities 
of its double blood supply. A ivlatively small arterial twig takes 
blood to ij from the aorta, while the great portal veins distribute to 
it all that large supply of blood which flows through the intestinal 
tract and the spleen. 

The blood in the vena porta during digestion can hardly be 
called venous blood, for much more passes tlm)ngh the intestinal 
capillaries when digestion is going on than is necessary for the nutri- 
tion of the tissue of the intestinal wall. The i)ortal blood is furtlier 
to be distinguished from ordinary venous blooil fitmi the fact that it 
lias just been enriched with a cpiantity of the soluble materials taken 
from the intestinal canal, namely, proteids, sugar, salts, and probably 
some fats ; and it has l)een profoundly inotlified by the changes 
taking place in tlie spleen. 

It is from this blood that the liver-cells manufacture the starch- 
like substance above mentioned. This substance was discovered by 
Claude Bernard, and called by him Glycogen, on account of the great 

X 
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iadliij with which it is converted into sugar in the presence of 
certain fements which exist in the liver itself and in most tissues 
after death. Shortly after the death of an animal the tissue of the 

liver, and also the blood 
contained in the hepatic 
veins, are extremely 
rich in sugar, which 
has been formed by 
the fennentation of the 
hepatic glycogen. The 
<|uaiitity of sugar is in 
liropoition to the length 
of time that has elapsed 
since the death of the 
animal, and is minimal, 
if not nil, if the liver 
or hepatic blood be 
taken for examination 
■while the tissue ele- 
ments ai‘e still aliva 
The jKiculiar blood 
of the great 2)ortal 
vein coming from the 
stomach, intestines, and 
the spleen, has then to 
jKiss thiough a second 
set of cai)illarieH in the 

^ li\er, and undergoes 

l ig 1C4.— LiajjTam of the Portal \ cm fr ») aminff , . t , ® 

in the alimentary tract and uplccai («), and carry'- SUCh important CliaiigeB 
mg the Wood from these organs to the hver. that this organ UlUSt Ix' 

regarded os occupying .i 
foremost position among the blood glands. Ditfemices of the utmost 
importance ha\ e long Ijeen thought to exist between the blood going to 
and that coming from the liver, and to it has even been attributed 
paramount utility as a blood elaboiutoi ; but the scientific know* 
ledge of its jiower in this l•e^2H^ct must date from the discovery ot 
its glycogenic function. 

Glycogen is a substance nearly allied b> starch in its chemical 
composition, and is converted with great i^adiness into grape- 
sugar by the action of certain ferments and acids. Many of the 
animal textures contain these fenuents, among otheis tlie liver itself, 
at least when its tissue is dying ; and consequently the liver with tlie 
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blood coming from it (if examined in an animal some time dead) does 
not contain glycogen, but sugar wliicb has been formed from it. If a 
piece of liver taken from an animal immediately after it is killed be 
plunged into boiling water, so as to check the action of the fenuent 
no trace of sugar is found in it, but only glycogen. After the lapse 
of a little time another piece of the same liver, which has lain at 
the ordinary room temperature, will give abundance of sugar. 

The mode of preparation of glycogen depends upon the foregoing 
facts. The perfectly fresh liver taken from an animal killed during 
digestion is rapidly subdivided in boiling water. When the ferment 
has been destroyed by heat the jneces of liver are rubbed up to a pulp 
in a mortar, and then re-boiled in the same fluid. The Ikj^uor is 
then filtered, and from the filtrate the albuminous substances are 
precipitated with potiissio-mercuric iodide and hydrochloric acid, 
and removed on a filter. From this filtrate the glycogen may be 
precipitated by alcohol, caught on a filter, washed with aether to 
remove fat, and dried. 

Gl3^cogen thus prepared is a white powder, forming an opalescent 
solution in water, which becomes clear on the addition of caustic 
alkalis. It is insoluble in alcohol and »ther. With a solution of 
iodine it gives a wine-red colour, and not blue, like starch, which 
it otherwise much resembles in chemical relationship. 

Glycogen has lieen found in many other parts besides the liver, 
namely, in all the tissues of the embryo, and in the muscles, testi- 
cles, inflamed organs, and pus of adults ; in short, whei’e any very 
active tissue change or growth is going on, ^ome tmces of glycogen 
can be found. 

Tile amount of glycogen in the liver d<*peud.s in a greiit measure 
on tlie kind and (juantity of food usihI. It rapidly increases with a 
full, and decreases with a s|)are diet, and it slowl\’ falls to nil aftei 
prolonged starvation. The formation of glycogen is much more de- 
]>endent on the earbo-h^'ilrate focal than on the proteid, for it rapidly 
rises with increase in the cpiantity of sugar taken, and bills, as in 
starvation, when pure proteid (fibrin) without any carbo-hydnite is 
used either with or without fat. Although the large supply of 
glycogen normally manufactured in the liver is prolnibl^' derived 
from the sugar of the food, we must not conclude from this that 
the liver cells cannot make glycogen from other material'*. Possibly 
anything that sufiices for the nutrition of their own pi’otoplasui 
enables the cells to produce glycogen. The slowness with which 
glycogen disappears in starvation would seem to jioint to this. 

The ultimate destiny and uses of glycogen ai*e still vexed questions. 

X 2 
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Much trouble has been taken to decide whether it is converted into 
sugar^ and as such carried off by the blood to the tissues. One set 
of observers deny the existence in the living tissues of the amylolytic 
ferment necessary for its conversion into sugar, and think that it 
is distributed simply as glycogen to the tissues ; while others say 
that it is gradually change<l to sugar before it is carrie<l off in the 
hepatic veins. 

The difficulty of determining the exact amount of sugar in the 
blood with sufficient accuracy may account for the remarkable dis- 
])arity of opinion on this subject, and makes this a very unsatisfactory 
means of determining the use or destiny of glycogen. In fact, the 
whole controversy seems idle, for the real questions are, not whether 
the glycogen is distributed to the tissues as sugar or not, but is the 
glycogen distributed to the tissues as a general carlw-hydrate nutri- 
tive, or is it to be regarded as a stej) in the manufacture of some 
other material by the liver cells ; in other words, is the glycogen of 
the liver a store of special animal carbo-hydrate to be kept till called 
for, or is it a shige in the formation of fat ? 



CHAPTER XXI. 


RBCBETIONS. 

The secretions which are poured into the alimentary tract have 
been already described in the chapter on digestion. There aie 
other glands which am now be conveniently considered since they 
more or less alter the blood flowing through them, and thus may be 
i^aid to aid slightly in the perfect elaboiution of that fluid. They 
iiro, however, subservient to very different functions ; some having 
merely local offices to perfonn, and others having duties allotted to 
them of the greatest general imx)ortance to the economy. This 
bt'comes obvious from a glance at the following enumeration of the 
remaining glandular organs. 

Secreting glands (other tlnm those foiraing frpecial digestive 
juices) 

Lachrymal. 

jMucous. 

Mammaiy. 

Sebaceous. 

Excreting glands 

Sudorific. 

Uiinaiy. 

SURFACE GLANDS. 

Lachrymal Glands. 

Most vertebrate animals that live in air have a gland in connec- 
tion with the surface of their eyes, which secretes a thin fluid to 
moisten the conjuuctiva. This fluid commonly i«isse8 fixmi the eye 
into the nasiil cavity, and siij^plies the insjiiivd air with moistui’e. 

The lachrymal fluid is clear and colourless, with a distinctly 
salty taste and alkaline reaction. It conttiius only about 1 i^ev cent, 
of solid.H, ill which can l>e detected some albumiu, mucus, and fat 
(1 ])er cent.), epithelium (1 i)or cent.) as well as sodium cliloride and 
/»tlier sidts (*8 i>er cent.). 
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The aecvetaon is produced continiiously in sinell amomit, but is 
subject to such' considerable and sadden inereose^ tlutl! at times it 
coanol all escape by the nasal duct, but is occamulated in tbe eyes, 
until it crrerflows to the cheek as tears. This excessive secretion 
may be induced by the application of stimuli to tiie conjunctiva, the 
Uning membrane of the nose, or the skin of the face, or by strong 
stimulation of the retiiia, as when one looks at the sun. A similar 
increase of secretion follova certain emotional states consequent on 
grief or joy. These facts show that the secretion of the gland is under 
nervous control, the impulses stimulatii:^ secretion commonly starting 
either &om the pezipheiy, and iiassing along the sensory branches of 
the fifth or al<mg the optic nerve, or i&om the emolioiisl centres in the 
brain, and arriving at the gland in a reflex miniBer. Hh» smouat of 
secretion can also be augmented direct stimulation of the lach- 
rymal nerves, so that in all probability these are the eflEerent channels 
far the impulse. 

Mucous Qlakus.. 

In connection with mouth and stomach secretions, mention ha>« 
lieen made of glands which are elongated saccules lined with re- 
fracting cells (Fig. 165). They are distributed over all mucous 
membranes, and are the chief source of the thick, tenacious, clenr, 
alkaline, and tasteless fluid called mucus. 

This material contains about 5 per cent, of solid matters, of which 
the chief is muclti, the chaiucteristic material of mucus, which swells 
up in water and gives the peculiar tenacity to the fluid. It is preci- 
pitated by weak mineral and acetic acids ; and, as the precipitate 
with the latter does not redissolve in an excess, this acid becomes a 
good test to distinguish it from its chemical allies. Mucin is not pre- 
cipitated by boiling. Mucus also contains traces of fat and albumin, 
and Inorganic salts, viz., sodium chloride, phosphates and sulphates, 
and traces of iron. 

The fluid is secreted either by the special mucous glands, or it may 
be produeed by tlie epithelium of the mucous surfaces. The cells 
pflodnce in their protophism a quantity of the secretion, which may 
often be men to swell them out to a considerable extent This dear 
fluid is then eiqpelled, and the altered cells are repaired or replaced. 
Many efemehts, like the remains of epithelial cells, are found iti tlie 
secretion ; and also round nucleated masses of protoplasm similar 
to white blood corpuscles, after the imbibiticni of water. In the 
abnonnal seemfeion of a mucous suriace during inflammation these 
mtieoiis eofpuseles are, as well as the general amount of secretion, 



SBBiiOBOTTS OLAXDg. 


ni 

Momumsljr incMaaed^ ao that the leereticm may become opaque^ and 
may appear to be ptiihlent. 

Tlie ohi^ (ftject of the aeeietion seona to be to protect the muoona 
anrfiMes, whidi am ildli in delicate nmnrea and veaaela, and are anb- 



Tig. 105.— Section of the Hucouc Hembnme of upper ptui of muni cavity f^owiu;^ 
nurnsroua Huooiia Glands out in various directkos. «r, Surface ^itheliuin; 
h, gland saccule ; c, coonecthre tissue lined with secrtting odls. (Gadiat.) 


jected to many injurious iifbuences of a chemical or mechanical nature. 
It is analogous to the keratin of the epidermis, and may be regarded 
as an excretion since it is nut absorbed, but is cast out from the 
mucous passages, and passes from the intestinal tract with the fasces, 
and from the air passages as sputum, &c. 

Sebaceous Glands, 

These belong to the outer skin, and commonly open into the 
follicles of the hairs, but also appear on the free surface of the lips and 
prepuce, &c., where no hairs exist. 

The secretion cannot be collected in great quantify in a normal 
condition, but as far as can be made out, it is composed of neutral fat, 
soap, and an albuminous body allied to casein, and organic salts and 
water, about 60 per cent. 

The secretion seems to be made up of the remains of epithdlal 
cdls whkh are thrown oft from the inner surface of the glands, while 
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they m m^eigoii^ a pecaHar kind of fatty dfgeneratioiL These 
cells gradually get quite broken down during Iheir sojourn in the 
glaiid alTool]^ ai^ the secretion is finally preset out by the smooth 
nnmde hand which commonly embraces gknd and squeeses it 
against the hair follicle. 

This seeredon, the use of which is to lubricate the surface with 
a fatty material, is cast off with the desquamated epithelium 



jPia* 166 .-HSectioa of Skin nbowing the rocte of three hain and two Itage tebaceous 
.gUtnda (d). (Gadiat.) c 

and the hairs. The Meibomian glands of the eyelids ore analogous 
structures^ and are specially elaborated for the lubrication of the 
ciliary margin. The glands about the prepuce and clitoris are also 
analc^pcms to the sebaceons glands ; in some animals they secrete a 
pecnlhudy odoriferous material (Castor)* 

Maxmaby Glakds. 

The maeiimoi milk only takes place under certain eirenmstanees^ 
and ecmriniiies only for a limited period* As the name of the glands 
implies they are present in all mammalian animals* The activity 
of the i^bnd cmmnenees in the later stages of pregnaneji and then 
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continues, if the secretion be regularly urithdxawn from the gland, foaf 
some 9 to 12 months, 

During pregnancy the breasts undergo certain preparatory changes 
prior to the appearance of the milk. They increase in bulk owing to 
this greater blood supply, and to certain changes in the cell elements 
of the glands, which are compound saccular glands. Each breast con^ 
tains a series of some ten to twelve glands with distinct ducts, upon 



fig. lOT.—Seotioii of Uttiiixii§x7 Gland during active lactation (human). 

(a) Saoculea lined with regular epithelium. 

^ {h) Connective tissue between the alveoli. (Cadiat.) 

which are dilatations that act as reservoiie in which, during active 
lactation, the secretion is stored until it is needed. 

The alveoli are chiefly saccular in form, and are lined with a single 
layer of glandular epithelium, and, during active lactation, contain 
but little hit, though iu the later stages of pregnancy before the secretion 
is established the cells contain <[nantiiies of large fat globules. 

Milk is a yellowirii-white, perfectly opaque, sweetish fluid, with an 
alkaline reaction and a specific gravity of about 1C^>. When exposed 
to the air, particularly in warm weather, tlie milk soon loses its alka- 
linity, first becoming neutral, and then markedly add ; the milk is then 
said to have ^ turned sour,” but its appearance is not greatly changed* 
When it has stood a very long time it may crack or curdle, and sepa** 
rate into two parts ; one a thick white curd and the other a thin yellowidi 
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fluid. Tkia tuining sour and ultimate curdling depends upon a 
change luuught about in one of its most important constituentis, 
namely) milk sugar, hy means of a process of fermentation. The 
milk sugar, in the presence of certain forms of bacteria, ferments and 
gives rise to lactic acid. When the quantity of lactic acid is suflicient, 
it not only makes the milk sour, but also precipitates another of its 
important constituents, namely, casein. This albuminous body in its 
coagulation entangles the fat of the milk, and we have thus formed 
the curd of cracked milk, whilst the 'whey consists of the acid, salts, 
and remaining milk sugar. 

Although the curdling of milk depends on the coagulation of an 
albuminous body, it is never piuduced by boiling fresh milk, because 
the chief proteid is casein, a form of derived albumin (alkali-albumin), 
which does not coagulate by heat. 

When milk is preserved from impurities and kept in a cool place, 
a thick yellow flhu soon collects on the top of the fluid, the thickness 
of this layer — the cream, may be taken as a rough gauge of the rich- 
ness of the milk. For milk consists of a fine emulsion of fat, the 
suspended particles of which are kept from running together by a 
superficial coating of dissolved casein. When left at rest, the light 
fatty particles float to the top and form the cream. 

When the mammary glands commence to secrete, the milk con- 
tains numerous peculiar structural elements which finally quite 
disappear from the secretion, but ivhich are of considerable interest 
in relation to the physiological process of the secretion. These are 
the colostrum corpuscles, which consist « of huge spherical masses of 
fine fat-globules held together by tlie remains of a gland cell, which 
encloses the fat-globules as a kind of me or case, and which at 
times a nucleus can be made out. 

The most remaikable iK)int about the chimiical composition milk 
as a seci'etion is the large proi)ortiou of proteid and fat it contains. It 
appears that there are two distinct albuminous bodies jtresent, viz. : 
camn, which appears identical with alkali-albumin, and another 
form of albumin allied to ienna-aUmmin, The fati are present in the 
shape of globules of various sizes, being in tlie condition of a perfect 
emukion as above stated. They consist of glycerides of palmitic, 
stearic, and oleic acids. 

The milk sugar is veiy like glucose or grape sugar, but not so 
soluble. It has the peculiarity of undergoing lactic fermentation. 

Of the inorganic constituents of milk the most important are 
sodium ehlmride, and phosphates and carbonates of the alkalis ; and 
it is a retnarkaUe fiu;t that the potash compounds, which are the most 
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abundant in the red blood corpuscles^ are present in greater quantity 
than those of soda. 

The following table shows the composition of human milk, a com- 
parison of which wdth that of some domestic animals will be found 
on page 69 : — 


Albumin 

. 39-24 


Fat . 

. 26-60 


Milk Bugai- 

. 43-64 


Salts . 

. 1-38 




110-92 

Water . 


889-08 


1000*00 

The relative qiuintity of the several ingredients of milk varies with 
the kind of diet usetl, A vegetable diet increases the per-centage of 
sugar, but diminishes that of the other constituents, and also the 
general quantity of milk. A rich meat diet increases both the general 
quantity and the per-centage of fats and proteids. 

The quantity of milk sccrete<l in the twenty-four hours is extremely 
variable in diherent individuals, and under different circumstances in 
the same individual ; tlie average in general being about two pints. 

The amount of the different materials in milk varies under the 
following rules. The proportion of albumin increases as the milk 
sugar decreases, and the fat remains the same as the period of lacta- 
tion advances. The poitions^f milk last dra^ n are much richer in 
fats than that which is fii>t taken from the gland. In the evening 
the milk is richer in fat than in the morning. The general amount 
of solid constituents falls, up to the age of thirty years, then gains 
slightly until thirty-five, after 'which age the milk becomes decidedly 
thinner. These points should Ik* Ijome in mind in the selection of a 
wet-nurse. 

ilfbdtfo/sec7*<;f?on.— Although the blood contains albumins, fats, &c., 
very similar to those which fonu the solid parts of the milk, we have 
good reason for thinking that the constituents of milk arc not merely 
extracted from the bloml, but that the manufacture of this highly 
valuable secretion is due to the activity of the protoplasm of the gland 
cells, which construct the various ingi^edients out of their substance. 

It has been suggested, as a simple explanation of the formation of 
milk, that the cells undergo fatty degeneration, and the secretion is 
then only the debris of the degenerated cells. 

Some facts support this view. In the first place the ingredients one 
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finds m millr are suggestive o£^ though not identical Avithi the 
chemical w^ch can 1^ obtained from protoplasm by 

disint^ration rather than of any group of substances found 
in the blood. Further we find that the so-called colostrum coi^uscles, 
which appear to be secreting cells filled with fat paiticles, are thrown 
olf from the gland in tlie early stages of the secretion, and appear iu 
numbers in the milk. 

But these colostrum corpuscles soon cease to be tlu'own olf in the 
secretion, and the saccules of the glands during active lactation do 
not contain any signs of the debris of cast off cells, or any grada- 



Pig. 1C8.— -Section of the Mammary Gland 
of a eSat in the early stages of liicta- 
tian. 

(a) Cavity of alveoli fOlcd with granules 
and globules of fat« 

1, 2, 3, I^thelinm in various stages of 
milk formation. 



Piyr lOa.—CeUs of Miimmary 
Gland during lactation, 
stained with osmic acid, 
so as to show the various 
sized oil globules as black 
musses. (Codiat.) 


tions ill degeneration. Only one row of finely granular cells is f ound 
lining the saccules, and tlie cavities are filled with globules of various 
sizes. Fix)m this it would appear that in the earlier shiges of the 
production of the seci'etion, the maminaiy cells, after a long perio<l 
of inactivity ai« so unaccusUiiiied to the duly they are called upon 
to perform, that they succumb in the effort, and, being unable to 
produce the rich secretion and retain their vitidity, they are cast ofll 
Thdr offspring, however, after a generation or two acquire the neces- 
sary faculty of making witliin their protoplasm all the necessary 
ingredients of the milk, and discharge them out into the lumen of 
the saccules without themselves undergoing any destructive change. 
The influence of ike nervous system on the secretion of the manunaiy 
glands is distinctly shown by the w'onderful sym|>at)iy between tlie 
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action of these glands and the conditions of the generative apparatus. 
Further, different emotions have an effect, not only on the quantity, 
but also on the quality of the secretion. Local stimulation also pro- 
motes the secretion, for the application of the child to the breast 
at once produces this effect, partly, possibly, through mental influ- 
ences, but chiefly, no doubt, by reflex excitation of the gland 
following the local stimulation. 

For the details of the dietetic value of milk, see Chapter V. on 
Food, p. 69. 


Excretions, 

The term excretion is commonly used to denote a gland-fluid the 
chief constituents of which are manufactured by other tissues, and 
are of no use in the economy, but, on the contrary, require to be 
continually removed in oixler that their accumulation in the blood 
may not give ri^e to injurious consequences. These effete matters 
are the outcome <»f the various chemical changes in the tissues 
whence they are always collected by tlie blood and carried to the 
glands which preside over their elimination. 

The next form of cutaneous glands are commonly arranged among 
the excretory oigaii<>*, though their more important function, as w'ill 
hereafter appear, is to supply surface moisture for the purpose of 
regulating the teniperjitui*e. 


Sudoriferous (Ilands. 

# 

The sweat glands are distributed all over tlie cutaneous surface, 
tmt in some parts, such as the axilla, perinmim, &c., tliey are both more 
abundant and larger than elsewdiere. They are simple tubes extend- 
ing in a more or less wavy manner through the skin, and ending in 
a rounded knot formed of seveml coils of the tube some way be- 
neath the C(»rium, where they are surrounded by a capilhuy plexus. 
The tube is lined with glandular epitbelium, and its basement 
membrane is beset wdth longitudinally arranged smooth muscle 
fibres. 

The secretion ofstceat is always going on, though it does not constantly 
appear ns a moistui'e on the surface, 1>ecause the amount produced is 
only just equal to the amount of evaporation that takes place. In 
this case it is spoken of as insensiUe perspiration. Under certain 
circumstances the sweat collects on the surface and becomes obvious 
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as fluid— perspiration — ^which bathes the skin, being produced 
more rapidly than it can be evaporated. The quantity of secretion 
necessary to become sensible varies with the dryness and heat 
of the air, that is, with the rapidity with which evaporation takes 
place. It happens, however, that the very circumstances which tend 
to assist evaporation also promote the semetion of swcxit. Indeed, the 
efiect of great heat and dryness of the air is to increase the cutaneous 
secretion more rapidly than they increase the capability of evapora- 
tion, and therefore when the air is hot and dry and evaporation is 
going on very actively, we have the secretion of sv'eat made sensible 
to our feelings. When dampness is associated with warmth of the 
atmosphere the sweat collects in laigi* quantities on the skin, for the 
heat, as we sliall see hereafter, aids the secretion, and the damp air 
impedes the evaporation. 

The quantity of perspiiation given oft is considera) but the wide 
limits within which the amount may vaiy render an attenii>t to express 
an average in numbers useless. The amount will dei>end on (1) the 
temperature of the air, (2) the quantity and quality of fluids imbibed, 
(3) the amount of beat generated in the Ixxly, and it therefore varies 
directly with muscular exercise. The amount that becomes }»eix ei>tible 
to our senses depends on the imi>e<liments to evaporation that may 
exist, as well as on the amount of fluid prodi:< <‘(l. 

The chemical composition of sweat varies witli tiie amount .secreted. 
When collected as a fluid by enclosing a part (»f the body in an im- 
pervious sac, it is found to have about 2 percent, of solid mattei*8, the 
greater quimtit>" of which i.s made uji of inoiganic salts, soilium chloride 
being by flu* the mosf abundant. It i^lso contains some epithelial 
debris, traces of neutral fats, and several volatile and fatty acids 
(butyric, proprionic, caproic), to which it owt*s its iieculiai- smell. It 
is said to contain urea, but this ha.s been denied, and since all the 
.niti'ogenous income is accounted for in the urea excreted by the kid- 
neys^ it is probable that the cutaneous elimination of iirtai is minimal, 
if not exclusively pathol(*gicaI. It is also said to contain salts of 
ammonia, and it aftbrds a meiuis of escape to many drugs. In cer- 
tain parts of the body, esi)ecia]]y in some in<lividnals, it contains a 
considerable amount of pigments, varying in colour from brick red 
to bluish-black, which need not be here further described. 

The effect of nervous influence on the secretion of sweat is so asso- 
ciated witli the nervous nic^ciianisms of the cutaneous vessels that, 
under ordinary cii'cumstances, it is a difficult matter to separate 
them. There can be no doubt, how’ever, that a special neiToiis 
control is exerted over the production of sweat. This appears to be 
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observable in some diseases, tbe poisons of which variously affect the 
two sets- of nerves. Thus, in fever, we observe a diy red skin accom- 
panied by an increased supply of blood, and a suppression of the secre- 
tion of the sweat glands ; whilst in certain stages of acute rheumatism, 
the exact opposite is seen, i.e., a profuse sweat drips from the pale 
bloodless sldn. It has, moreover, been recently shown that in some 
animals (cats) the stimulation of the sciatic nerve, causing contraction 
of the blood-vessels, produces at the same time a copious secretion of 
sweat ; and a warm atmosphere is said to have no effect on the secre- 
tion of a limb the nerve of which has Ijeen cut, although the warmth 
be so gi’eat as to make the rest of the animal’s body sweat pix)fu8ely. 

The effect of drugs upon the cutaneous secretion is well known. 
There is a large group f»f medicines, esi>ecially pilocarpin, which 
produce an increased flow, while many others, notably atropin, have 
a contrary effect. 


CiTTANi:ous Desquamation. 

Together with cutaneous excretion should be mentioned the con- 
tinuous and extenbi\ e loss all over the surface of the body from the 
casting off of the superftcLd layers of the dried horny cells of which 
the outer part of the skin is composed. 

The way in which the cells of the mammarv gland produce their 
important secretion is by their ]m»tophu»m adopting a peculiar method 
of fat manufacture, whilst all the strength ot its nutritive pnvers 
is devoted to the elaljoratitm of the constftueiits of milk. In u 
similar way the cells of the epidermi'' «lcvote their nutritive activity 
to the prMuction of a certain material — keratin, which cannot be 
called a secretion in the ordinary acceptation of the U‘rm,but which is 
certainly elaborated as the result of the nutritive clninges going on in 
the protoplasm of the cell during its life-history, just as we know 
tliat many other substances are protluced as the result t)f the work- 
ing of gland cells. 

The work of the epidermal cells supplies — iu»t a peculiar chemical 
re-agent, us do some of the gland cells of the digestive tract, nor yet 
a nutrient fluid like milk— but the exterior (»f the hotly with an 
insoluble, impervious, tough ctmting, which thongli thin and elastic, 
is very strong and resisting. 

The nearest analogy to the .secretion of the keratin in theepidennal 
cells, is the production of mucin in the cells of tlie epithelial lining 
of the mucous membi'anes. Both substances may be looked upon as 
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excretioms^ as they never re-enter the system and are cast off, hnt eacli 
of them performs a definite function, and is produced by special 
piDtoplasi^c elements, like the secretions more generally recognised 
assadu 

The amount of nitrogenous sribstances ilms excreted cannot well be 
reckoned, but, having regard to the great extent of surface from 
which they are derived, it must be considerable. 



CHAPTEB XXII 


URINARY EXCRETION. 


The urine is the most important fluid excretion, for by it, in 
mammalia, neaily all tlie nitiogen of the iisecl-up proteid leaves the 


body in the form of nrea. 
The construction of the 
urinary glands requires 
the special notice of the 
physiologist. 

Structure of the 
Kidneys. 

The kidneys may he 
( ailed complex tubulai 
glands, because the tub(*s 
<»f which they are com- 
])osed are made uj) of a 
number of parts essentially 
diftermg fr«m one anothei 
both in their structuie 
and in their relation to 
the blood vessels. 

The tubes begin by a 
small rounded dilatation 
(Malpighian catieule) which 



IS lined by thin flattened Fig iTO —Section of Kidnc} of Man 


epithelium. Opening from 
this capsule, Fig. 171 (</), 
is found a tortuous tii- 
bule (/), lined by peculiar 
large r^-beset epithelial 
cells, which occupy the 
greater portion of its 


a. Cortical aubatance rompoeod chiefly of convo- 
luted tubulea; the portions Initween the 
medullary piTanuda form the coluuma oi 
Ihsrtm (<*). 

h, P>'ramida of medullary milMtanoc, composed of 
straight tuboSf Ace , radiating towards cor- 
tex, to form the pyxaiiuds of Ferrem. 
il. Commencement of ureter loading from central 
sac or pelvis. 

c. FapiUfo, where the tuboj open mto pelvu.— 
(C^iat } 


Y 
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diameto^ This co&volttted tahnle (/) leads into a tube (e) of much 
less external diameter, but about equal lumen, owing to the tlntineBS 



1 %. 171 .— Diagram of the Tubules of the 
Kidney. (Oadiat.) 
iMauge ducfc <qpening at papilla. 

$ and e, ooUocting tubes, 

d and % lioopi^ tubule of Henle. 

/. CoBmuted tubules of cortex. 

ff. (bipeidelirmn ivbicb the latter spring. 



Fig. 171 ’.— PurticiiN of lurious Tubules 
highly magnified, showing the 
relation ot the lining ^tl^um 
to the wall of the tube. (Cadiat) . 
a. Isugc duct near the papilla. 
ff. CommeDcement of Henle*a loop. 


c. Thin part of Hcnlc’s looi). 

if its lining epithelium, the celln of which are more flattened 
ind much thinner than those in the tortuous 1u1h*8. This thin tube 
onus a loop extending down into the medullary pyramid and 
etuming to the cortex, where it can be seen to become again con- 
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volmted (d) and then to open into a straight collecting tube. The 
collecting tubes (c, h) receive many similar tributary tubes on their 
way towards the apex of the Malpighian pyramid, where they 
pour their contents into the pelvis of the kidney. The ^ithelial 
lining of these collecting tubes is of the ordinary cylindrical type. 



Fig. 173.— Portion of Convoluted Tubule, showing peculiar fllrillatcd epithelial 
cells. (Heidenhain.) 

We find four kinds of epithelial cells in the various parts of 
the urinary tubules, viz., scaly cells in the capsule ; peculiar rod- 
beset glandular cells in the convoluted tubes ; flattened cells in a 
great part of the loop ; and ordinary cylimlrical cells in the large 
straight tubes. (Figs. 172 and 173.) 


Blood Vessels. 

The renal artery, on its way from the hilus to the boundary 
between the cortical and n^edullary portions^ of the kidney, breaks 
up suddenly into nuniei'ous small branches ; these vessels then form 
arches wh^h run along the base of the pyiamids. Fiuni tlie latter, 
straight branches, called interlobular arteries, pass towaixls the* 
surface, and give off lateral branchlets which form the afferent vessels 
to the neighbouring Malpighian capsules. Within the capsules 
the afferent arteries at once bivak up into a series of capillary loojw, 
forming a kind of tuft of fine vessels — the glomerulu^y w'hicli fills the 
cavity at the beginning of the tubules, and is only covered by thi|i 
scaly epithelial cells, and thus separateil from the urine. It is a 
singular fact that in the renal circulatimi the efferent vessel on 
leaving the glomerulu.s does not, like most veinlets, unite with othei*8 
to form a larger vein ; but again breaks up into capillaries, which 
form a dense meshwork around the convoluted tubules. Tlie blood 
if thence conveyed to small stmight veins corresponding to the intra- 
lobular arteries. 

Another striking peculiarity of the renal vessels is that a distinct 
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8et of arteries, starting from the same point as the interlobular 
(between the cortex and medulla), pass towards the centre of the gland 
into the pyramids. They consist of bunches of straight arterioles, 
which Ue between the straight and the looped tubules. Corre- 



Eig. 174.— -Olomcrolas, ^x^atcd Trith silver nitrate, showing the endothelium. 


sponding with tlie.se straiglit arteries are minute straight v^in.s which 
carry the blood back to the vessels at the base of the pyramids. 

In the kidney, then, we have three sets of capillary vessels, which 
differ in their position, the form of their meshes, and their relation 
to their parent artery. Probably the pressure exerted by the blood 
in them, and the rajndity of its flow through them, differ also : — 

1. The capillaries in the glomeiiili are loops collected into a tuft by 
their covering of delicate epitheliiun. On account of their relation to 
the affemt artery which ends abruptly in these capiUaries, and to the 
Buialler efferent vessel that leads to a secondary plexus of capil- 
laries, the pressure within the glomerulus must be very great com- 
pared with that of the general capillaries of the body, and must vary 
much with changes in local blood-pressure. 

2* The secondaiy capillary plexus, with its narrow meshwork 
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closely investiiig the tubules can only be under comparatively triflixig 
pressure which varies but little, on account of the blood having 
first to pass through the capillaries of the glomerulus. Their 
current of blood must 


also move slowly, since 
the bed of the stream 
is here very great. 

3. The straight ves- 
sels, with long meshed 
capillaries, in the py- 
ramids between the 
looped and straight 
tubules are unlike 
the two preceding. In 
these straight vessels 
the blood 

Hows with greater ve- 
locity than in those 
around the convoluted 
tubes ; and tlieirblocMl- 
pres'jiire is less than 
that in the glomeruli 
but greater than that 
in tlie intertubular 
capilhiries. 



The UmxE, 

• 

When fresldy voided 
the urine of man in 
health is a clear straw- 
coloured fluid, with 
a peculiar aromatic 


175— Diagram shoTving tlie relation borne by the 
blood vessels to the tubules of the kidney. The 
upper half con’o^poiidK to the cortical, the lower 
to the medullar}' pait of the organ. The plain 
tubes are sho^Ti Bep.init<'ly on the right, and the 
vessels on the left. The darkly shaded oiteriee 
send off straight branches to the pyramid and 
larger interlobular brunchoa to the glomeruli, the 
efferent vessels of 'aliich form the plexus around 
the convoluted tubet.. 


odour. The intensity 

of the colour varies with the amount of solids — tlie coloiur being 
a rough indication of the degree of concentmtion. On standing and 
cooling a slight cloud of mucus often appears floating in the fluid. 
This comes from the lining membrane of the bladder, and it 
usually entangles a few flattened epithelial cells, which are the only 
organised structural elements found in it in health. 

The fresh urine has a distinctly acid reaction. This does not 
depend upon the presence of fi*ee acid, as is suggested by the fact 
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that no precipitate is formed on the addition of sodium hyposulphite, 
but upon the huge amount of acid salts, particularly acid sodium 
phosphate, which it invariably contains. A strictly vegetable diet 
renders man’s urine alkaline, and it is said to become less acid after 
meals. In the herbivorous mammalia the urine is normally alkaline 
so long as their digestion is going on, but when they are deprived 
of food for some time it becomes acid, showing that the alkalinity 
depends upon their diet 

The specific gravity of urine varies greatly at different times, com- 
monly, however, ranging between the figures 1015 — 1020. After 
copious drinking it may go ns low as 1(K)3, and alter prolonged 
abstinence from liquids, or very active sweating, it may attain 1040. 

The quantity of urine secreted is also very variable, tliat produced by 
an adult ususdly amounting to about 2 ^nuts per diem (1000 — 1500 
C.C.). Tlie amount is increased by — (1) elevation of the general blood- 
pressure, or the pressure in the renal vessels iVom any cause what- 
ever ; (2) contraction of the cutaneous vessels from cold ; (3) copious 
drinking ; (4) excess of nitrogenous diet ; (5) the presence of soluble 
matter in the blood, such as sugar, salt, &c. ; and, (6), the presence 
of urea as well as various medicaments, has a si)ecial action on the 
I'enal secretion, greatly increasing the amount of urine passed. 

Although the (quantity of urine differs so much under different 
circumstances, the amount of solids excreted by the kidneys in tlie 
24 hours remains pretty much the same, being on an aveiuge over 
l|oz. (50 grammes) for an adult man. 

From this it is obv|pu8 that the height of the s]). gr. must vary 
inversely with the amount secreted, so that the more scanty the 
urine the higher wc ex]3ect to find the per-centnge of solidj. 

Secretion of the Urine. 

We have just seen that the arterial twig, or afferent vemly whicli 
enters the capsule of Malpighi, breaks up into a set of capillary 
loops, which are only covered by a single layer of extremely thin 
epithelial cells separating them from the lumen of the urinary 
tubule, and that the pressure in the vessels of tlie glomerulus is 
babitually higher than that in most capillarien, and constantly 
greater than that of the second capillaiy network around the coii- 
voloted tubules. 

The geuml amngement of these vessels, and the high pressure in 
the glomenilus, give the impre^ion that it is simply a filtering 
apparatus by means of which the fluid parts of the blood pass into 
urinaiy tubules. This riew seems supported by the &ct that 
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thd quantity of urine eecreted bears a direct proportion to the blood- 
pressure in the minute renal vessels^ whether the change in pressure 
depends on local vascular mechanisms or on changes in the general 
blood-x>re88ure. 

Such a theory, however, cannot adequately explain the formation 
of urine, because the urine differs so materially from the fluid one 
could obtain as a flltrate from the blood. In health it contains no 
albumin, a substance in which the blood is very rich ; and it has 
enormously more urea and salts tlian the blood. There is, there- 
fore, both a quantitative and qualitative difference, which implies 
a distinct process of selection, and although filtration cannot be alto- 
gether excluded from the process, it must be completely modified 
by f)ther forces. 

Moreover, in the general description of the oigan we have just 
seen that in a great part of the tubules, both the epithelial and vas- 
cular supxdy give the i<lea of actively secreting gland tubes. From 
the mere construction of the different portions of the gland it has been 
concluded that there are two distinct departments each of which play 
a different part in the production of the urine. One is a simple filter- 
ing mechanism, and the other a definitely secreting glandular tubule. 

It is not suiprising that, with such a complex arrangement as the 
tubules above mentioned, there should exist different riews as to the 
exact mode in which the urine is secreted. As these are more or 
less at variance in their explanation of the method of secretion, and 
as it is difficult to put any of them iiside as quite erroneous, it becomes 
necessary to enumerate each somewhat in detail. 

Feeling convinced of the lilter-like function of the glomerulus, and 
recognising the fact that some other agenc y was also at work in the 
formation of urine, Bowman explained the process thus : — ^From the 
glomerulus the watery paits of the fluid are filtered, while the glan- 
duhir epithelium selects the important solid constituents which it is 
necessary to remove from the hlood. 

Ludwig takes a different view. He believes that the watery i)art 
of the plasma, bearing with it the salts, &c., is filtei'ed from tlie glome- 
rulus. As this fluid passes through the toituous urinary tubules, a 
large portion of the water is re-absorbed into the capilhu^ networks 
surrounding them. This re-absorption is assisted by the high specific 
gravity of the hlood and the low pressure in these capillaries as 
compared with the glomeruli, where the filtration of the liquid 
occurs. The r6h of tlie epithelium is not tlien selection fix»m the 
blood of specific materials, hut possibly the prevention of the return 
of the solids with the water bock to the blood vessels. 
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Heidenhain attempted to settle the queBtion as to the function 
of the lenal epithelium, by introducing into the blood a blue 
colouring inatter->pure sodium sulphindigotate — which he found to 
be eliminated by the kidneys, giving rise to blue urine. On examining 
the organ with the microscope at a suitable time after the injection 
of the colour into the blood, the tubules are found to be filled with 
the pigment, and in some cases the peculiar epithelium of the con- 
voluted tubules is stained with the blue substance, while the glome- 
rulus and capsule are entirely free from the colour. If the stream of 
fluid from the glomerulus be stopped in any way — tying the ureter, 
section of the spinal cord, or local destruction of the glomeruli — the 
blue colour is only to be found in the convoluted tubes and their 
epithelium, and hence it has been concluded that its presence in the 
looped and collecting tubes of the kidneys and urinary bladder, de- 
pends upon its being washed out of the convoluted tubes by the 
stream of fluid filtered from the blood at the glomerulus. 

The following facts may also be adduced in further suppoi-t of 
the view that the glandular epithelium bears no mean share in the 
removal of the more important solid constituents of the urine. 

The epithelium in the tubules of the kidney of birds is found im- 
pregnated with acid urate of potassium, which insoluble substance 
forms the diief constituent of the solid urine of birds. 

The amount of liquid passing out at the kidneys is in direct pro- 
portion to the blood pressure, whereas the excretion of the specific 
constituents of urine is independent of the pressure, but is related 
to the amount existing in the blood, and tlie condition of the epithe- 
lium. This is shown by the increased efiminatioii of urea when that 
substance is artificially introduced into the circulation, even after 
the flow of the fluid has been checked by section of the siunol coi*d. 

Another view has been put forward, which, with some modifica- 
tion, appears plausible, or at least worthy of mention. Paying atten- 
tion to the fact that where vascular filtration — the passage of 
liquid under pressure through the capillary wall — occurs elsewhere 
in the body it is not only water and salts, but plasma that passes 
out of the vessels into the interstices of the tissues, we may then 
assume that the fluid part of the blood, as such, and not merely its 
watexy part, escapes at the glomerulus. Tliat is to say, the solid ingre- 
dients of the urine in a diluted form, plus serum-albumin, pass into the 
tubules. But on its way down the long and circuitous route through 
the tubules the albumin with much water is reabsorbed by the capil- 
laries of the convoluted tubes. The first step in this case is a mechanical 
filtration ; the second is a vital process of re-absoiption of a solution of 
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serum-albumia carried on by the gland cells in the tubules, aided 
by the low pressure in the peri-tubular capillary plexus. Thia view 
seems supported by pathological experience, which teaches that the 
removal of the epithelium of the tubes (the glomeruli remaining 
perfect), is followed by the appearance of albumin in the urine, and 
cysts formed by the destruction of the epithelium and occlusion of 
the tubules commonly contain a fluid somewhat like plasma. 

Doubtless much remains to be found out as to the exact method of 
secretion of the urine, and possibly future research may show us that all 
tlie views here enumerated liave some truth in them. That a filtration, 
not mere osmosis, takes place, is made certain by the special vas- 
cular mechanism of the glomerulus. Wliy simply water and salts 
without albumin should pass through the capillaries of the glomerulus, 
and not through any other capillaries, is not sufficiently explained to 
make it sure that this filtration differs from others. That the 
glandular epithelium does take an active i)art in the elimination of 
the urea is rendered almost indisputable from the researches of 
Heidenhain. And yet there remain other parts, e.g.y the loops of 
Hcnle, which are constantly found in the kidney, and have a special 
vascular mechanism, and to which none of the foregoing theories 
assign any special or peculiar function. 

From the foregoing evidence we may fairly suppose that most of 
the urea, and po&sibly some other solid constituents of the urine, are 
selected from the blood by the epithelial cells of the convoluted 
tubules, that the fluid part of the blood escai)es at the glomerulus, 
and flows along the varied and circuitous route of the tubules, 
carrying with it the matters poured into the tubes by the cells, and 
that in some part of the tubules the dilute filtrate loses much of its 
water and all its albumin. 

Chemical Composition of Urine. 

The per-centage of the various materials in urine varies as the se- 
cretion differs in strength, as mentioned, but on an average it may 
be said to contain about 4 per cent, of solids and 96 per cent, water. 

The following are the more important solid matters : — 

Urea is the most important, and at the same time most abundant 
solid constituent, commonly forming about 2 per cent, of the urine. 
It is regarded as the chief end-product of the oxidation of the nitro- 
genous matter in the body, so that the amount excreted per diem 
gives us the best estimate of the amount of chemical change taking 
place in the tissues. It is readily soluble in alcohol and water, 
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bat inaolinble in ether. It forms acicular crystals with a silky 
lustre. From a chemical point of view it may be regarded as the 


diamide of carbonic acid, with the formula CO 


NH, 


or 


i:r- 


It is ismneric with ammonium cyanate 


CN 

NH* 



from which it was 


first prepared artificially. It is also isomeric with the amide of 
carba^c acid, with which it is considered by some to be identical. 

On exposure to the air bacteria develop in the urine, and, acting 
as a ferment, change the urea into ammonium coibonate, two mole- 
cules of water being at tlie same time taken up, thus : 


C0(NH,),+2H,0=(NHJaC0,. 


This gives rise to a change in the reaction of the urine, which after a 
time becomes increasingly alkaline, and the change is commonly 
spoken of as the alkaline fermentation of the urine. This change is 
extremely slow in solutions of jiure urea, which do not suppori bac- 
terial life. 

With nitric and oxalic acids, urea forms sparingly soluble salts — a 
fact made use of in its prejxiration from urine. 

The amount of urei\ eliminated in the 24 hours is about 500 
grains (35 grammes). The amount vaiies (1) in some degree with 
the amount of urine secreted ; an increase in the amount of water 
being accompanied by a slight increase in the urea eliminated. 
Some materials, such as common salt, increase the water, and thereby 
ahH> increase the urea. *(2.) The character and quantity of the diet 
influences most remarkably the quantity of urea given off, the amount 
increasing in direct proportion to the qiuintity of proteid consumed. 
Fasting causes a rapid fall in the amount of ui^ea ; even in the later 
days of starvation it continues to fall, but very slowly. (2.) The 
amount difiers with age, being relatively greater in childhood than 
in the adult (about half as much again in propoiiion to the body 
weight). (4.) Many diseases liave a marked infiiieuce on the amount 
of urea. In most febrile affections it increases with the intensity 
of the fever, while in disease of the liver it often notably decreases. 

In diabetes, if the consumption of food be very great the daily 
excretion of urea may reach nearly 4 oz. (100 giammeH) or three times 
as much as normal. 

— To obtain urea from human urine it is evaporated 
to onenrixtii of its bulk, an excess of nitric acid is added, and it is 
kft to stand in a cool place. Impure nitrate of urea separates from 
the fiiud as a yellow crystallized precipitate. This insoluble salt 
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is cauglit on a iilter, dried, dissolved in boiling water, mixed with 
animal charcoal to remove the colouring matter, and filtered while 
hot ; when the filtrate cools, colourless crystals of nitrate of urea 
are deposited. The precipitate is dissolved in boiling water, and 
barium carbonate added as long as effervescence takes place, barium 
nitrate and urea being produced. This is evai)Oiated to dryness, 
and the urea extracted Avith alwolute alcohol, which on evaporation 
leaves crystals of pure urea. 

Estimation. — Urea can be estimated volumetrically by the method 
of Liebig, which depends on the power of mercuric lutrate to give 
a precipitate with it. Tlie sulphates and phosphates must be fiist 
removed by the addition of 40 c.c. of a mixture of 1 volume saturated 
barium nitrate and 2 volumes satuinted solution of caustic baryta, 
to an equal volume of mine. This is filtered, and from the filtrate 
am amount corresponding to 10 c.c. urine is taken. Into this known 
volume of urine a standard solution of mercuric nitrate (of which 1 c.c. 
c<nTes])onds to 1 centigramme of urea) is dropped until a saimple drop 
of the fluid, mingled on a watch-glass with a drop of concentrated 
sodium carbonate solution gives a yellow colour, which indicates 
thait some free mercuric nitmte remains. For every cubic ceu- 
timeti*e of the standard mercuric solution used, there will he 1 
centigramme of urea iti the sample of urine ; a small reduction has 
to be made for the chlorides, w'hich are pi-e^eiit in tolerably constant 
aniomit. 

Another simple method consists in mixing together known quan- 
tities of urine and sodium hypobromite (XaBrO) with excess of 
caustic soda. The urea istlecomposed in tlie presence of this salt, 
and free nitrogen evolved — 

CON.,H^.f.3(NaBrO)-f2(NaOH)=3NaBr-l-Na,CO;,+3HjO+2K. 

The quantity of urea may be determined by ascertaining the 
volume of nitrogen, wliicli can be measured directly in a graduated 
tube. 

UiHc acid, of which the formula is orC 5 H, 03 (NH.CN),, 

is present only in extremely siiiall quantities in tlie nonnal urine of 
mammalia, but in biixls, reptiles, and insects it fonns the chief 
ingredient of the renal secretion. It is s^mringly soluble in water, 
and insoluble in alcohol and ether. However, in solutions of the 
neutral phosphates and carbonates of the alkaUes it combines with 
some of the base, so as to form acid stilts, and at the same time con- 
verts the neutral int(» acid phosphates, to wliich, as has been already 
stated, the urine owes its acid reaction. These salts are more soluble 
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in warn than in cold water> and hence generally fall as a sediment 
when the mine cools. Uric acid is readily converted into urea by 
oxidation, and is probably one of the 8tej>s in the formation of urea 
which commonly occurs in the body during the gnidual oxidation of 
the proteid bodies. 

The presence of uric acid may be recognised b}" the murexide test. 
The substance to be tested is gently heated in a flat capsule with 
some nitric acid. A decomposition occui's, N and CO^ going oif, 
urea and alloxan remaining as a layer of yellow fluid. If this be 
cautiously evaporated, and a diop of amiuouia added, a stiiking 
purple«r^ colour is produced, which the addition of potash turns 
blue. 

The amount of uric acid normally follows pretty closely the vaiia* 
tions in urea, but is usually only about 8 gmins (*5 giamnie) per 
diem. In certain diseases the quantity may be much increased. 
For the quantitative estimation, which is seldom decided by the 
practitioner, the student must consult the text-books of physiological 
chemistry. 

Kreaiinin (C^H^K^O) is always present in urine, probably being 
formed from kreatin by the lobS of one molecule of water. About 
15 grains (1 gramme) is excreted per diem. 

Xantkin also occiu-s in luine, but in extremely small 

quantities. 

Hippuric acid (Cj^H^Og) is a normal constituent of liuman urine, 
occurring, however, in very small quantities. On the other hand, it 
is one of the most important nitrogenous constituents of tlie mine of 
the herbivora, where it tikes the place of uric acid. Its presence 
depends on the existence of certain ingivdients (benziac acid, &c.) in 
the food, w'hicli are capable of combiniiig with glycin, and Yonning a 
conjugated acid, a molecule of water being formed at the same time, 
thus — 

Denzoic Add. Glyein. Hippuiic Acid. Wuter. 

+ C,H,NO, = C,li,N03 + 11*0. 

The amount of hipx)uric acid increases with increased consumption 
of v^table foixl, in the cellulose of whii h the mateiials exist that 
are required for its formation. It is in the liver that the union 
between the glycin and the benzoic acid takes place, as is proved by 
the removal of that organ, when benzoic acid injected into the portal 
vein appears unchanged in the uiiue. 

Omlic acid (CJSL^OJ occurs often but not constantly in the urine. 
It is generally united with lime. It is said to appear in greater 
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quantity, together with an excess of uric acid, after meals, and there- 
fore to he related to the production of the latter in the body ; but 
it probably is chiefly derived from oxcAates being contained in some 
materials taken with the food, 

Colouring Matters. 

It appears probable that the colour of the urine depends on the 
presence of small quantities of distinct substances which have different 
origins in the body. Three such have been described, and may be 
taken provisionally to represent our knowledge of the subject 

1. Urobilin, which is an outcome of the colouring matter of tlie 
bile, and therefore a remote derivative of the colouring matter of the 
blood, is frequently present in the urine. It is probably the same as 
hydrobilirubin, some of which is occasionally absorbed from the 
intestinal tract and eliminated by the kidneys, 

2. Uroclirom is said to be the si)ccial pigment of the urine. It 
oxidises on exposure, forming a reddish substance that gives the 
dark colour to some urinary sediments (Uroerythrin), 

3. A certain material {Indican) capable of producing Indigo, is 

commonly present in the urine of man, and in greater quantity in 
tlnit of some animals, particularly the horse. It is supposed to be 
foiTued from the indol that arises from the putrefactive changes con- 
sequent on the pancreatic digestion. Tlie indol is absorbed and 
unites with sulphuric acid to form Indican, which is a yellow sub- 
stance. Under certain conditions it can be converted by oxidation 
into indigo-blue. ^ , 

Inorganic Salts. 

The urfiie is the great outlet for all inonganic salts. The most 
important of these are — 

Common salt (NaCl.) of which a very variable, but always consi- 
derable amount pas.ses away in the urine. The average quantity 
excreted per diem may Imj said to be about half an oz. (15 grammes). 
It depends greatly on the quantity taken with the food, and falls 
during starvation, but does not completely disappear. It is said that 
if absolutely no sodium chloride Ik* taken with the food the qmmtity 
exci’eted diminishes greatly, and that albumin appeal's in the urine 
about the third day. The amount of salt eliminated follows, with 
striking accuracy, the changes that take place at different times and 
under different circumstances, in the quantity of urea excreted. 
Tliese facta seem to indicate tlmt there is some relationship between 
tlxe secretion of the two bodies, or that sodium chloride participates 
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In the ohemical ehenges of the nitrogenous tissues. In many diseaiiB 
there occur vaiiations in the quantity of common salt in the uriuplf 
which can hardly he explained by the change in, or absence of food. 

njotjihates , — ^About 60 gr^s (3 to 4 grammes) of phospHaric acid is 
excreted daily in tlie urine, being combined with alkaUes to form 
salts, viz., potassium, sodhiin, calcium, and magnesium phosphates. 

Sulphates , — Nearly 40 grains (2 to 3 grammes) of sulphuric acid, as 
sulphiites of .alkalies, are daily got rid of in the urine. The ipd 
comes partly from tlie food, but chiefly from tlie oxidation of the 
sulphur contained in the proteids of the tissues. ^ 

A considerable quantity of potassium^ sodium, calcium, and magne* 
sium, combined as already mentioned, or witii chlorine, is contained 
in the niine. ^ 

Small traces of iron are also always present in the uiine. ^ 
Gases , — The urine also contains free COj, N, and some O. 100 
volumes of gas pumped out of fresh urine have been foimd to con- 
sist of— 

COj = 65*40 per cent. 

N =31*86 „ 

O = 2*74 „ 

Abnormal Constituents. 

Different kinds of substances occur in urine under circumstances 
of spedai physiological interest, and therefore may be here enume- 
rated, although their accurate study belongs rather to pathology. 
First amongst these to l^e named is, — 

Albumin, which occurs, from (1) any great increase in tlie blood- 
pressure in the renal vessels, whether caused by increased inflow or 
impeded outflow. (2.) Excess of albuiuin in the blood, an<), stitingc 
to say, some forms of albumin escape much more readily than 
others. Thus, egg albumin, globulin or peptone, if introduced arti- 
fldally into the blood, are soon found in the urine. (3.) A watery 
condition of the blood, such as would give nse to oedema elsewhere. 
(4) Total abstinence from NaCL for some time. (5). Extensive 
destmetion of the epithelium of the urinary tubes. 

Next in importance to albumin are the following : — 

Grape sugar; of which normally only the merest trace occurs in 
the urine although there is always a certain quantity in the blood. 
It is present in large quantities in(l) the disease known as diabetes, 
when a great quantity of pale urine with a very high specific gravity 
is passed. (2.) After injury of a certain part of tlie floor of the 4th 
ventricle of the brain. (3.) After poisoning by ciuura, carbonic oxide, 
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and nitrate of amyl. In short any disturbance of the circulation of 
liver gives rise to an increase of sugar in the blood, and wben 
the amount reaches 6 per cent it appears in the urine. 

BUe AciA and Pigments appear in the urine when, from, occlusion 
of the bile ducts, they find their way into the blood. 

Leudn and Tyrosin also occur in the urine, but only after profound 
interference with the function of the liver. 

The urine undergoes important changes after being voided, the 
explanation of which is of much interest to the practitioner, and 
must be u^ewtood by the student of medicine. (1.) Com- 
monly enough the urine loses its transparency as soon as it gets cold, 
though perfectly clear when passed, or when again heated to the 
body-temperature, for the urates are soluble in warm but almost in- 
solulie in cold water. This ‘‘ muddiness,” which soon settles down, 
as a more or less brightly coloured sediment, is oliiefly caused by the 
precipitation of acid sodium urate, stained with a colouring matter 
derived from the uroclirome. When this (Kcurs the urine will 
always be found to be distinctly acid, and if it be left standing for 
some time in a cool place, the acidity mil be found to increase, owing 
to the presence of a peculiar fungus which 8t‘ts up acid fermentation. 
This is said to dei>en(l on the formation of lactic and acetic adds, 
and crystals of uric acid, amorphous sodium brate, and crystals of 
lime oxalate are deposited. 

After a certain time (which is shorter when the urine is not very 
acid and is exposed to a warm atmosphere) the development of bacteria 
occurs in it, and causes the wea to unite wit^i water, and to change 
in the manner already mentioned (p. 1130) into ammonium carbo- 
nate. This gradually neutralises the aciditi', and finally renders 
the urine alkaline. At the same time an amoridious precipitate of 
lime phosphate appears, and crystals of ammonio-inagnesiiuu phos- 
phate and of ammonium urate are produced. 

Urinary Calculi. 

Vaiious ingredients of the urine, which are difficult of solution 
sometimes Ijecome massed together as concretions, particularly if 
there exist any small foreign body in the bhulder, which, by acting 
as a nucleus lays the foundation of a stone* Sometimes small con- 
cretions are formed in the tubes or pelvic rcct'ssc^* of the kidueyi 
and, when these make their way into the bladder, they commonly 
giw larger and larger. The structure and composition of a cal- 
culus often gives the history of its own transit from the kidney, 
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md also of yarions changes in the metabolism of the indiyi'* 
dual, £sr snccessiTe layers of different substances are generally 
found in a stone that has attained any great size. The chief 
mikldals found in calculi are — ^uric add, anunonium urate, calcium 
oxalate and carbonate, ammonio-magnesium phosphate, &c. 

^ SouBCE OF Urea, &c. 

4 , The question as to whether the chief materials of the urine pre- 
exist in the blood and are therefore merely removed by the kidney, 
or are manufactured by the special powers of the renal cells, has 
been widely discussed, and though the great weight of evidence 
is in favour of the foniier view, some of the experimental results on 
the subject are rather conflicting. 

The following are the more important points in the argument : — 

1. The blood does normally contain most of the important sub- 
stances found in the urine ; so they need net necessarily be made 
in the kidney. 

2. The blood in the vessel leading to the kidney — the renal 
artery — is said to contain more rirea than the vessel leading from it 
^he renal vein — so that the blood appears to lose urea in passing 
through the kidney. 

3. If the ureters be tied and the elimination be thus prevented, 
urea accumulates in the blood. This can hardly be made by the 
kidn^, becunse — 

4. If the renal arteries be tied so that no blood goes to the kidneys 
to effect the elaboratioi^ of urea in those organs, then the same accu- 
mulation results, showing tliat the kidneys ore certainly not the only 
organs where urea is mode. 

5. Extirpation of the kidneys also gives rise to a gretit mcrease of 
the urea in the blood. The amount of urea in the blood after 
nephrotomy is said to increase stecwlily ^vitli the time which elapses 
after the operation, and the amount accumulated corresponds to 
the amount that w^mld normally have been excreted in the same 

bad the animal not been o])emte<l upon. 

6. Lastly. In some diseases which greatly interfere with, or quite 
suppress the secretion of the ki<lneys, an accumulation in the blood 
of certain poisonous or injurious materials takes place, and gives 
rise to the gravest symptoms calle«l uitemic poisoning, which closely 
coittcide wi A those observed in experimental annihilation of the renal 
function. 

From the forgoing it would appear to be satisfoctorily settled 
tliat the urea, which Is by far the most important ingredient 
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of the secretion of the kidney, is pix)bably made elsewhere and not 
in that organ, whose duty seems to he chiefly to remove it from 
the blood. This is most probably also true of all the other organic 
constituents of the urine. The question then arises : — Where is the 
urea formed ? 

We naturally turn for an answer to the most wide-spread and most 
actively changing nitrogenous tissue, namely muscle. Here, however, 
we find no response, for neither does muscle contain much urea, nor 
does any very active muscular work perceptibly increase the general 
urea elimination. In muscle, however, a material closely allied to 
and readily convertible into urea, namely kreatin, occurs, and it has 
been suggested that this substance is chang(‘<l into urea in the 
kidney. This cannot explain the origin of all the urea which ap- 
X3ears in the urine, for, os already remarked, the urea excretion does 
not correspond with the muscle metabolism. 

Without for one moment doubting that some, probably a consider- 
able quantity of urea comes from muscle, which forms so laige a pait 
of our bodies, we conclude that there must be and assuredly are 
many other sources of urea, as there are many other x>arts or organs 
where nitrogenous textures are uii<lergoing chemic^il changes and 
gradual waste. 

One source of urea — the liver, is specially woithy of note, since 
it helps to explain the striking relation between the amount of 
albuminous food and tht* quantity of urea eliminated, tli^ latter fol- 
lowing immediately and running jiarallel with the former. There 
can be no doubt that most people consume n^uch more albuminous 
food than is necessary for the adequate nutrition and preserv ation of 
the nitrogenous tissues, and therefore must have a suiplus of nitro- 
genous material in their bodies. It may lx* reuiembered, as was 
pointed out in the chai»ter on digestion, that in all parts of the 
alimentoiy tract there is a limit to the absorption of pex>tones, and 
that in the small intestine when delay in absorption occurs the ilecoiu- 
position of peptones results, because in prolonged panci*eatic diges- 
tion these peptones are changed into leucin (C^HisNOj) and tyrosin 
(C^HjiNOg) and as such pass into the i>ortiil circulation to be Iwme 
to the liver. In the liver it is highly x^rolmble that these bodies are 
converted into urea, for, when they are introdiicwl into the intes-^ 
tinal tract, they ai’e absorbed and an excess of urea apx)eai*s in the 
urine. Thus the excessive part of tlie j^roteid food, before it really 
outers the system, is broken up in the intestine int<i bodies which, 
notwithstanding the chemical difficulty of explaining the process, 
may be regarded as a step towards the formation of urea. 
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Nbbvous Mechanism of the Ukinart Secretion. 

With 3r«gcu^ to the influence exerted by the nervous system on the 
imud secretion, we have but little satisfactory information, although 
there 4901 be no doubt that here, as in other glands, the process is 
mdefe&a control of the nerves. Many of the circumstances which 
wulse gvsater activity of secretion, such as taking large quantities of 
water, Ab., have no effect on the general blood pressure, so that, if the 
increased flow be brought about by the vaso-motor mechanisms, it 
must be by means of nervous channels altering the blood flow in the 
special arteries of the glands. We know further that emotional con- 
ditions, such as hysteria, exist in which an unaccountably gi*eat 
quantity of urine of very low specific gravity is evacuated. 

With regard to the eflects of the vaso-motor nerves, we know that 
section of all the nervous twigs going to the kidneys causes great con- 
gestion and an immense increase in the secretion, w'hich commonly 
contains albumin. This no doubt depends on the sudden rise in 
pressure in the glomeruli, owing to the dilatation of the arterioles. If 
the splanclinics, in which the renal vaso-motor nerves run, be cut, a 
great quantity of urine is produced from the same cause — ^vaso- 
motor paralysis — ^but, on account of the large area of vessels in- 
jured, the general bhxd pressure falls, and therefore the effect is 
not so much marked. If the i)eripheral end of the cut nerves be 
stimulated, the secretion is diminished, and, owing to spasm of the 
renal arterioles and full of blood pressure in the glomerular capillaries, 
may be brought to a standstill. Section* of the spinal coi*d at the 7th 
cervical vertebra stops the flo>v, because it so reduces the general 
Hood pressure that tlie pressure in the renal vessels falls 1>elow that 
necessary for the filtration of the urine. 

Passage of the Urine to the Bladder. 

The pressure exerted by the blood in the glomeruhir capillaries in 
quite sufficient to make the urine flow from the pelvis of the kidneys 
into tdie bladder, because when the ureters are tied they become dis-» 
tended above the ligature by the urine floiving from the pelvis, 
where a pressure may lx* j^roduced of some forty millimetres of Hg., 
at which {Hessure the secretion stops and becomes somewhat changed 
in chemical composition (kreatiu ap|>eaEing in greater quantity). 

Konnally, however, the passage of the urine along the ureters is 
aeecunplished hy the ]>eristaltic motion of the ducts, wliich goes on 
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alternately in the two ureters, so that the urine flows into the bladder 
at different periods from the right and left kidney. 

The ureters have a strung middle coat of smooth muscle along 
which a wave of contraction, lasting about one-third of a second, passes 
rhythmically in about C to 10 seconds from the pelvis of the kidney 
to the bladder. 

Having reached the bladder, the urine cannot return the 
ureters on account of the oblique wayiiL which these < dneti pass 
through the walls of the bladder. When the pressure in thn Ifladder 
increases, the opening of the ducts becomes closed and ads as a kind 
of valve. 

The urine, which is continuously secreted and rhythmically con- 
veyed to the bladder, is only voided at convenient seasons ; therefore 
special aiTangements exist for its retention and expulsion. 

The retention of urine in the bladder up to a certain point 
depends on the elasticity of the parts concerned, the dense elastic 
tissues around its outlet being able to resist the elastic force exerted 
by the viscera and the walls of the bladder upon its contents. Thus 
where no active muscular forces can possibly come into play, as in the 
Ciise of the dead subject, or in complete paralysis following destruction 
of the spinal coitl, a considerable amount of urine is I’etained. But 
when a certain pres-^ure is attained by the gradual acciunuktion of 
urine within the bladder, the elasticity of the sphincter and the other 
tissues around the outlet is overcome by the elasticity of the bladder 
wall, and the urine slowly dribbles away. 

In the noimal condition yiereare two sets yf muscular mechanisms 
which aid the ehistic forces just named. 

They ^y be regarded as antagonistic — the one, the sphincter 
muscle, by contracting, strengthens the elastic power of the tissues 
around the uivtlii'a which retains the urine ; the other formed by the 
muscle-coat of the bladder, called the detrusor urincr, as we shall see 
presently, is the chief agent in actively expelling the uriiie. When 
these muscles are in good working order, much more urine can be con- 
veniently retained than the elasticity of the tissues about the urethra 
would permit of. If tlie spinal cord be destroyed the bladder can 
only retain about | the quantity of urine it conveniently holds when 
the cord is intact. We must, then, suppose that the sphincter muscle 
acts more powerfully vrhen the elastic forces are equalized. The accu- 
mulation of urine after a certain time gives the sensation known as a 
full bladder, but this feeling is not necessarily accompanied by any 
immediate call to make water, though it soon produces a desire in that 
direction. We suppose, then, that the stimulus given to the sensory 



MAmJAL OF PHYSIOIOGT. 


m 

nerves by filling tbe bladder causes reflexly a constriction of the 
sphincter muscle^ so that, in proportion as the pressure within the 
bladder increases, the resistance to its outflow is also augmented. 

does not imply any automatic action of the sphincter vesicse, 
but merely a constant reflex excitation of that muscle, which secures 
its contraction and the retention of a considerable amount of urine 
uritehout the intervention of voluntary influences or attention. 

Micturitiotif or the expulsion of the urine, does not nonually ever 
depend on elastic forces alone, as in the case mentioned of paralytic 
incontinence, when the urine commences to dribble away as soon as a 
certain pressure is attained within the bladder. 

When the bladder is full, the elastic forces tending to expel its 
contents increase, and, as we have seen, the resistance is proportion- 
ately augmented. Under ortlinary circumstances, then, there is a 
combat going on between the expelling and retaining powers’(n€ither 
the muscle in the wall of the bladder nor voluntary effort, however, 
coming into action), in which the retaining forces are just able to 
overcome the expelling elastic pressure. If the urine be retained for 
a considerable time, a moment arrives when the reflex stimulation of 
the sphincter no longer suffices to keep back the fluid, and the 
voluntary contraction of the neighbouring muscles has to be called to 
the aid of the sphincter. Under these circumstances, if a drop of 
urine make its way into the sensitive urethra matteis are greatly 
altered. Now, even voluntary effort does not suffice to keep back the 
stream, and an imperative call is made upon the local mechanisms 
to empty the bladdei^ This is accopiplislied by the contrac- 
tion of the muscular coat of the bladder, which is excited reflexly 
by the stimulus starting from the mucous membrane lining the 
urethra. The evacuation of the bladder is then aocomplii^ed quite 
independently of the will by a reflex act, which may even l)e un- 
conscious. 

When the urine once commences to flow it continues until the 
bladder is quite empty, the lost drops of urine being expelled firom 
the nxethia hy xhythmical spasms of the muscles around the bulbous 
portion of thi^ canaL The sequence of events will then be— stimnla- 
tloii of the mucous membrane of the urethra by esca])e of urine, 
contmetion of the detrusor urinse ; relaxati^m of the sphincter ; 
rhythinieal contraction of the ejaculator urime and finally a volun* 
tary twitch of the levator ani and neighbouring muscles. 

This sequence of events may go on in sleep, as a result of slight 
local exeitatiotts, frequently in children, when probably tbe sphinc* 
ter is more readily fiitigued. 
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Under ordinarily favourable circumBtances, however » we micturate 
voluntarily, and the bladder ig never allowed to become so over-dis- 
tended that the reflex contraction of the 


sphincter is insufficient to retain tlie urine. 
Almost at any time we can call forth the 
reflex act just described by increasing the 
pressure on the bladder by voluntary con- 
traction of the abdominal muscles ; the 
diaphragm being depressed and fixed, the 
mn^es of expiration are put into action, 
and the contraction of the spliincter 
muscle being at the same time probably 
checked by tlie will, the powder of retention 
is overcome. 

The moment the balance of power is thus 
turned in favour of the expelling agencies 
and a drop of urine reaches the urethra, 
the excitation thus produced brings about 
the comidete evacuation of the bladder 
without further voluntary effort. 

The nervous mechanism tliat controls 
the act of micturition consists essentially 



of ganglionic centres w'liich ai*e situated in 
the lumbar enlargement of the 8})in»d cord, 
and of two sets of nerve channeK pa'^siug 
to and from this centre. Tl^e centres may 
be said to be composed of functioniUly 
distinct p^rts — a retaining and a^acuatimj 
part. The I'etaining centi-e causes the 
sphincter muscle to contract. The evacu- 
ating centre can excite the <letrusor to 
action w^hile the sphincter is ivlii.\ed by 
the inhibition of its exciting centre. One 
set of nerve cliannels communicates be- 
tween these centres and the urinary organs, 
and the other between the coni amtres 
and the cerebral hemispheres. Tlmt which 
connects the special lumbar centres with 
the bladder, contains motor (efferent) fibres 
of two kinds, going to the antogonistic 
muscles, the sphincter vesictc, and the 
detrusor urime respectively, and sensory 


Ir'igr. 176,— Diagram of the 
Nervoua Mechanism of 
Micturition. 

B. Bladder. 

• M. Abdominal muscles, 
r. Cerebral centres. 

It. Eepresents impulses wbifdi 
pass from the bladder to 
the centre in the spinal 
cord, whence tonio im- 
pulse are reflected and 
pass along T to sphincter, 
whidi xeftains the urine. 
TVlicn the bladder is dis- 
tended, impulses pass to 
the brain by and when 
we wilU the tonus of the 
spinal centre stimulating 
the sphincter is checked, 
and the abdominal mus- 
cles are made by 2 to 
force some urine into 
nock of bladder, whenoe 
imptdses pass by 3 to in* 
hibitthe sphincter eentre 
and excite the detrusor 
though 4. 
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(afferent) fibres of different kinds ; those gjoing from the bladder to 
the nerve cells in Hie coni which stimulate them and cause the 
sphincter to remain tonicolly contracted, and passing from the 
mucous membrane of the urinary passages to these ganglionic cells 
in the cord are two sets ; one of which excites the contractions of 
the detrusor uiinm and the other inhibits the tonic action of the 
retaining centi'e, 

Vlie action of the ganglionic cells that stimulate the sphincter 
.nuscle can to a certain extent he either aided or checked by means 
of cerebral influences, so that two kinds of fibres — a stimulating and 
an inhibitory one— must pass from the hemispheres to the micturat- 
ing centre in the cord. 

Those cells which govern the motioin of the detrusor seem to be 
least under voluntary control, and are probably only stimulated to 
action under normal circumstances by the impulses arising from the 
luinary passages, and hence are simply reflex ceiitivs. 

The effect of certain emotions on the act of micturition seems to 
show that those ganglion cells in the cord w’hich cauhe the bladder to 
contract are connected with the higher centreb. Thus, extreme 
ten'or (in a dog at least) often causes a forcible expulsirm of urine, 
and great anxiety or impatience seems in man often to Imve a check- 
ing influence, causing great delay in initiating micturition. 



CHAPTEB XXIII. 

NUTRITION. 

We can now compare the incomings and outgoings of the economy, 
and should now he in a position to see what light can be thrown by 
this compaiison upon the actual changes which take place in the 
textures of the body. 

We have seen that the income is made up of substances belonging 
to the same groups of materials as are found in the body, viz.^ 
albumins, fats, carbo-hydrates, salts, and water, introduced by the 
alimentary Ciinal, and oxygen, which is admitted by the respiratory 
apparatus ; whilst the outgoings consist of urea from the kidneys, 
carbonic acid from the lungs, certain excrement from the intestine 
and other mucous passages, sweat, sebaceous secretion, epidermal 
scales, from the skin ; together with a (quantity of water from all 
these ways of exit. The milk, ova, and semen, may he here omitted, 
being regarded as exceptional losses. 

In order that the Iwxly may be kept in its normal condition, it 
is necessary, that the income should at lei^t be e<iual to the out- 
goings of ill kinds, and, except where giwth is going on raj)idly, an 
income eq^ial to the ex].>enditure ought n<^t only to suHice, but be the 
most satisfactoiy amount of supply for the economy. 

We know that animals ciui live for some considerable time with- 
out food, in which case, though there l)e no income, a certain 
expenditure is necessaiy to sustain life, and therefore the outgoings 
continue. We ought tlius to be able to arrive in a very simple 
manner at the minimal expenditure necessary for the sustentation of 
the body. We shall find, however, that (1) an income equal to this 
minimal expenditure (starvation) does not at all suffice to keep up 
the body-weight, and that (2) a considerable maigiii over and above 
this minimum is necessary in order to establish the nutritive equi- 
librium ; (3) further, that the proportion of material eliminated and 
stored up in the body respectively vaiies as the income is inci^eased ; 
(4) and finally, that the quality of the fooil — t.f., the proportion of 
each group of food-stuff present in tlie diet— has an important indu- 
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ence on tbe quantity required to establish the equilibrium, or that 
best suited to cause increase of weight or to fatten. 

It will be convenient to consider the following different cases in 
succession : 

1. No income, except oxygen, i.e., starvation. 

2. An income only equal to the expenditure found duilng star- 
vation* 

3. Perfect establishment of nutritive equilibrium. 

4. Excessive consumption. 


TirisCE Changes. 

As is well known, a deprivation of oxygen — by the respirator)' 
function being stopped— almost immediately puts an end to the tissue 
changes necessary for life, so that the oxygen-income cannot be in- 
terfered with witliout instant death ensuing. Mom^'er, it has been 
found that a small supply of water makes the investigation of the 
various tissue changes more reliable, by facilitating them and |>ro- 
longing life. We, therefore, commonly sx>eak of a total abstinence 
from solids as 8tai*vation. 

When deprived of food, those tissues upon whose activity life 
depends must feed upon the materials stored up iu some ]>art of the 
system. The first question h to discuss are how much the body loses 
daily in weight during the time that it is thus feeding on itself, and 
how far the different ipdividnal tissues contribute to this loss. 

The general loss of u eight is directly estimated by weighing the 
animal, and the loss of the individual tissues is calculated by a 
careful analysis of the various excreta, bv which the exact amount of 
nitrogen, carbonic acid, &c., are ascertained : the nitrogen conc- 
igNmda to the loss of muscle; and the caibon (after excluding that 
portion w hieh is the outcome of muscle change, wluch may be calcu- 
lated from the nitrogen) eorix^sponds Up the fats oxidb^ed. 

It has been found that a starring animal loses weight at first 
rapidly, and sub6e<[uently more slowly ; and the reason for this 
diffBaence k that during the first three or four days the benefit of the 
food last eaten continues, and the waste materials are eliminated iu 
pvi^rtioiMitely large quantity. When the influence of the food 
taken pcior to the commencement of staiTation has ceased, the 
dafly amount of materials eliminated remains nearly constant, and the 
body-wei|^ dinmiishes slowly until the ammal^s deatk 
Adult aniinah eommonly live until Uiey have lost about half of 
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their normal body-weight. Young animals die when they have lost 
about 20 per cent, of their weight. 

Boughly speaking, we may take the body of a man to l}e made up 
of the following proportions of the more important textures ; — 

Muncies .... 50 per cent. 

Skin and fat . . . . 25 „ 

Viscera .... 12 „ 

Skeleton . . . , 13 „ 

Seeing that the muscle tissue contributes such a large proportion 
to the body-weight, we cannot be surprised that in starvation the 
greatest absolute loss occurs in tliis tissue ; except in the case of ex- 
cessively fut animals. Next comes adipose tissue, which almost 
entirely disappears, the absolute loss from it varying in proportion to 
the fatness of the animal at the beginning of the investigation. The 
spleen and liver lose more tlian half their weight, and the amount 
of blood is greatly reduced. The smallness of the loss that occurs 
in the great ner\’ous centres is very striking. They seem to feed on 
the other tissues. 

The following table gives the approximate per centage of loss which 
takes place in each individual tissue during starvation ; — 


Fat . 

. 97'0 per cent. 

Muscle 

. . 30-2 „ 

Liver 

. 50-6 „ 

Spleen 

. . 631 „ 

Blood . •. 

. . 17-«f „ 

Nerve centic" 

• • 0- 


With regard to the portals !)y whicli the various luatoriuls make 
their escape, it has been found that practically all the nitrogen passes 
off with the urine, and about nine-tentlis of the carbon escapes by the 
lungs as COj, the remaining one- tenth passing off by the intestine 
and kidneys. Three-fourths of the water is found in the urine, and 
one-foui’th goes off from the skin and lungs. 

The following table shows the items of the general loss, and the 
amount per cent, which passes out by the chief channels of exit ; — 


1 Total Eliiiiinatiun. 

VIA KiitneyH. 

Lungs and Bkin.j Excrement. 

Water 

006*84 grm. 
205*00 „ 

.30*81 ,, 

10*03 „ 

70*2 per cent, 

O'* 

100*0 

»7 

20*1 iwr cent , 8*7 per cent. 
02*0 „ ;io „ 

2*4 

Carbon ..... .. 

Nitrogen 

Balts 
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As the loss of weight of an animal’s hody during starvation is at 
first rapid and then more gradual^ so also the amount of xnateiial 
eliminated is found to diminish much more slowly after the hist few 
days. This is well seen from the nitrogenous elimination. For the 
first four days the fall in the amount of urea excreted is very rapid, 
it then decreases almost constantly until the death of tlie animal, 
only slightly decreasing in pioportion as the animal slowly decreases 
in weight This has led to the conclusion that the amount of nitro- 
genous material eliminated during ordinary circumstances with a full 
<liet comes partly from used-up nitrogenous tissues, and pai'tly from 
nitrogenous materials which Iiavc never really entered into the com- 
position of the tissues, but rather are present as surplus or floating 
nitiogenous pabulum. Hence, two kinds of })r4)teid are supposed to 
exist in the l>ody, viz., (1) that foming |)art of the tiasues, and (2) that 
ciix:nlating as a ready supply for the nutritive demands of the tissues. 

In the second case mentioned, namely, where an amount of food is 
supplied which is just e<iual to the expenditure which was found to 
take place during stan^ation, one might suppose that the diet, though 
minimal, would yet suffice to preserve the normal body- weight. 
However, practice shows this to be far from what actually occurs. 

An animal fed on diet equal in quantity to the outgoings diuing 
star\^ation continues to lose weight, and the quantity of nitrogenous 
substance eliminated (urea) is greatly in excess of the low sbindaixl 
found during ctaaplete abstinence from food. From this it wouM 
ap])ear that even when 8Uj>plied with an amount of nitrogenous 
material equal to that Srawm from the (issues during starvation, an 
animal still takes a fuitlier Kii])ply from its ow’u textures. Thus tin* 
body subsists on the scanty allowance of nutiiment it borrows from 
the tissues during stai-vation, only so long as there is absolutely im 
food income, and the moment any focnl is Hup])licd an increasi^d ex- 
penditure is set up, the income is exceedtMl,ancl a deficit occiu-s which 
is best seen in the nitrogen balance. 

It follows, then, that feeding an animal on an amount of fo<Hh8tufrs 
exactly corresponding to the quantity <»f nutriment abstiacte<l from its 
own textures during total abstinence is only a slower form of staiwation. 

^ith r^iard to nitrogeiu»us sub'^tances, it has l^een proved that 
nearly three times as much as the amount eliminated during starva- 
tion is required to establish an equilibrium between the income and 
expenditure ot those ^*cial substances, and that any less than this 
leads to a distinct nitrogenous deficit 

The third case mentioned in a previous paragraph (viz., in which 
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the nutritive equilibrium is exactly maintained, so that the body-* 
weight remains unaltered, the gain and loss being equal) is the most 
important one for us to detennine, since its final settlement would 
enable us to hx the most beneficial standard of diet Unfortunately^ 
this cose is also the most dilhcult upon which to come to a satisfactory 
conclusion, for the following reasons : 

1. The elaborate nature of the conditions imposed during the expe- 
riment makes it difficult to carry on the investigation with scientific 
accuracy. 

2. Even when Ihe amounts of gain and lo^s exactly correspond we 
cannot say that we have the best dietary ; because some of the 
income may be quite useless, and pass through the economy without 
liaving any function to perform in it, and yet appear in the output so 
as to give an accurate balance. 

3. We have just seen that the relative amounts of outgoings and 
of material laid by as store are altered and regulated hy the quantity 
of income. And we find that the quality of the income, i.e., the 
relative proportions of the various food-htufl's, has a materhil influence 
on the quantities of material laid by and eliminated respectively. 
We must, thei*efore, consider the efticjicy of each of the groups of the 
Ibod-stufls when employed alone and mixed in different pi*oportion8. 

4. Different animals seem to have different powers of assimilation ; 
and under various circumstances the retpiirements and assimilative 
power of the same animal may vary. 

An animal fed upon a purely mwit diet requires a great amount of 
it to sustain its body-weigjit. It luvs beeT> found that from ^ 
to 2 ^ of tlie body-weight in lean meat daily is necessary to keep an 
animal ali-^ \\ithout either losing or gaining weight. If more tlian 
this amount he supplied the animal increnhes in weight, and as its 
weight increases a greater amount of meat is requii’od to keep it up 
to the new standard. So that to produce a progressive inci'ease of 
weight with a pui'ely meat diet, it is necessary to keep on increasing 
the quantity of meat given. The reason ui this is found in the fact 
that albuminous diet causes an inci’ease in tlie changes occurring 
in the nitrogenous tissues. 

If an animal which is in extremely poor condition he given an orf 
libitum supply of lean meat, only a limited portion of the albuminous 
substance is retidned in tbe tissues. By far the laiger pn>portion of 
the nitrogenous food is found given off and is represented in the urine 
by urea, and a comparatively small proportion is stored up. If this 
large supply of meat diet be continued for some time, less and less of 
the albuminous material is stored, moie and nioie being eliiyiini^te^\ 
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mi mntii finally the urea excreted just coixesponds to the alhu- 
minooe lumtexials in the ingesta. When only meat is given, it must 
he BUpi^ed in laige quantities to maintain the balance.of nitrogenous 
inecnne and expenditure vrhich is spoken of as nitrogenous equili* 
Ixiifiia. Upon the occurrence of a change in the amount of nitro- 
genous ingesta, this nitrogenous equilibrium varies, and it takes 
iome time to become re-established, because a decrease in the meat 
diet is accompanied by a decrease in the weight of the animal, and 
an increase causes it to put on flesh. For each new body-weight 
there is a new nitrogenous equilibrium, which is only attained alter 
the disturbed relation between the nitrogenous ingesta and excreta 
has been re-adjusted. 

The increase of weight which follows a liberal meat diet depends 
in a great measme on fat Ijeing stored up in the body. Much more 
of this material is made than could come from the fat taken with the 
meat ; hence, w^e must conclude that it is made from the albuminous 
parts of the meat. 

The effect of a diet without any albuminous food is that the animal 
dies of starvation nearly as soon as if deprived of all forms of food, 
with the exception that the weight of the body is much less reduced 
at the time of death. 

The addition of fats and sugars to meat diet allows a consider- 
able reduction to be made in the supply of meat, and both the body- 
weight and nitrogenous tissue change can be kept in equilibrium on 
a smaller amount of food. It has b^n estimated that the nitrogenous 
tissue change is reduced 7 i>er cent, by |he addition of fat, and 10 i>er 
cent, by the addition of caibohydrate food Ut the meat diet ; therefore 
less meat is wanted to make up nitrogenous tissues, l^^her, fats 
and sugars, which obviously cannot of themselves form an adequate 
diet, since they contain no nitrogen, seem to have the power of 
accomplishing some end in the economy which, in their absence, 
requires a considerable expenditure of nitrogenous materials to bring 
about. Fats and sugars, then, supply to the body readily oxidisable 
laatexials, and thus shield the albuminous tissues from oxidation, as 
well as reduce absolutely the nitrogenous metabolism. 

It would further appear from the experience gained from the stall- 
fiseding of animals that a good supply of carbcdiydiates, together with 
a limited quantity of nitrogenous food, is admirably adapted to pro- 
duce &t. Since much more fat has been found to he produced in 
than could be accounted for by the albuminous and fatty con* 
atituents of their diet, we must su]^poee that from their carbohy- 
drate food iat eon be manufiictiired in their body. 
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Mucli of the difficulty found in reconciling the opinions of different 
authors upon this point can be removed^ and a general idea of the 
manufacture of fats from various food^stuffs can be gained, by bear-* 
ing in mind the assimilative and secretive functions of the proto- 
plasm. There can be no doubt whatever that the active protoplasm 
of many parts and organs if properly nourished can manufacture 
fat. As examples, we may take the liver and mammary cells, and 
those connective tissue cells which have no great nutritive duty to 
attend to. This fat production by the protoplasm may be regarded as 
a secretion of fat, though only in one of the examples given does it 
appear externally as a definite secretion — milk. We cannot scrutinise 
the chemical methods by which this change is brought about in proto- 
plasm, any more than those which give rise to any other secretiom 
We know that protoplasm uses as pabulum, albumin, fat, and carbo- 
hydrate, and we have no reason to doubt that the proportion of these 
materials found to form the most nutritious diet for the body gene- 
rally, is also tbe proportion in which protoplasm can best make use 
of them. Probably such cells as part with a material containing 
nitrogen — such as mucin-yielding gland cells — require a greater pro- 
portion of pabulum containing niti'ogen (albumin) for their x)erfect 
function. Probably those cells which produce a large (quantity of 
non-nitrogenous material do not lequire more nitrogen than is neces- 
sary for their perfect re-integration as nitrogenous bodies. But for 
their active function, i,e., the manufacture of their secretion, they only 
require a pabulum 'which contains the same chemical elements as are 
to be found in the output. In the casi^ of ^fat-formation, then, a 
supply of fat or carbohydrate oiiglit to suffice if accompanied by a 
small amount of albmiiiuous substance. If these non-nitrogenous 
suljstances be withheld, the protoplasm can no doubt obtain the 
quantity of carbon, hydrogen, and oxygen requisite to manufacture fat 
from albumin, and thus a large amount of nitrogen will be wasted. 

There is nothing in the foregoing statement that is not in accord 
with the results of practice and experiment 

Fat cannot be produced without nitrogen in the diet, because the 
fat-manufacturing protoplasm cannot live without nitrogen, wliich is 
absolutely necessary for its own assimilative re-integration. A good 
supply of nitrogenous food aids in fattening, since it gives vigour to 
all the protoplasmic metabolisms, and among them fat-formation. 

The albuminoid substance gelatine^ whidi is an im])ortant item in 
the food we ordinarily make use of, is able to effect a saving in the 
albuminous fbod-stuffs. Although it contains a sufficiently large 
proportion of nitrogen, it cannot satisfoclorily replace albumin in the 
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Ibod, Indeed, in spite of the great similarity in its chemical compo* 
to albuminous bodies, it is hardly a better substitute for pro« 
tmds than fat or carbo-hydrate ; and, although an animal usee up less 
of its tissue nitrogen on a diet of gelatine and fat than when it is fed on 
fat alone, it soon dies, as if its diet contained no nitrogenous substance. 

The last case we have to consider is that in which the supply of 
food-material is in excess of the requirements of the economy. This 
ia certainly the commonest case in man. 

Much of the surplus food never really enters the system but is 
conveyed away with the fmces. 

In speaking of pancreatic digestion, reference has been made to the 
possible destiny of excess of nitrogenous food. In the intestine, 
some of it is decomposed into leucin and tyrosin, which are ab- 
sorbed into the intestinal blood-vessels. In the body these sub- 
stances undergo further changes, which probably take place in the 
liver. As a result of the absorption of leucin, a larger quantity of 
urea appears in the urine, and hence the leucin formed in the intes- 
tine by prolonged pancreatic digestion, is a source of urea. (See 
pp, 125, 337.) This \’iew is supported by the almost imiuediate 
increase in the quantity of urea diminated when albuminous food 
is taken in large quantity. 

From the fact that a considerable amount of fat may be stored up 
by an animal supplied with a liberal diet of lean meat, we must con- 
clude that part at least of the surplus albumin goes to form fat. It 
has been suggested th|.t after sufficient albumin has been absorbed 
fop the nutritive requirements of the nitrogenous tissue^^, the rest is 
split up into two part«<, one of which is immediately pi*epared for 
elimination as urea by the li\ er, and the other undergoes changes, 
probably in the same organ, whicli result in its being converted into fat. 

It would further seem probable, from the manner in which the 
urea excretion changes dming starvation, that, as before mentioned^ 
the absorbed albumin exists in the economy in tw'o forms : one in 
which it has been actually assimilated by the nitrogenous tissues and 
harms part of them, and hence is called oigan-albumin ; the other, 
which is merely in solution in the tiuids of the body, being in stock, 
but not yet absolutely assimilated, and hence called circulating albu- 
min. The latter passes away during the first few days of starvation, 
being probably broken up to form urea, and a material which serves 
the tnm of non-nitrog^ous food. The organ-albumin only appears 
to be used lor the formation of urea after the circulating albumin 
has completely disappeared 
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From the fore^^oing it will be gathered that we cannot say what 
are the exact destinies of the various food-stuffa in the body, Proteids 
are not exclusively utilised in the re-integration of proteid tissues, as 
all excess gives rise to a deposit of fat. Caibohydrates are not turned 
into glycogen in the tissues simply to replace the carbohydrates used, 
but as will be shown when speaking of muscle metabolism, they are 
intimately related to the chemical changes which take place during 
the activity of that tissue. If fats are chiefly devoted to the restitu- 
tion of the fat of the body, they certainly are not the only kind of 
food from which fat can be made. 

We ma}' say, then, that all food-staffs are destined to feed the living 
protoplasm, whethei* it he in the form of gland cells, the cells of the 
connective tissues, or inuscle-plabina, so that all the food-stuffs that 
are really assimilated contiil)ute to the maintenance of protoplasm 
and subserve to its variouvS functions. Besides nourishing itself and 
keeping itself up to a certain standard composition, protoplasm, 
or rather the various protoplasmata, can make the various chemical 
materials we find in the body. Some produce fat, some animal starch 
(glycogen), and others manufacture the various substances we find in 
th^ secretions ; while } et another group is devoted to setting free and 
utilising the energy of the various chemical associations. 

But all the fo<Kl we eat is not abbimilated ; indeed, the destiny of the 
numerous ingredients of our complex dietaries is not easily traced. 
Of food-stuffs proper the following classification may be made, 
showing tliat even the same stuff may meet with a different fate 

under different circumstances — 

• » 

1. Stufls which never enter the economy (fmces). 

2. Materials absorbed and arriving at the blood are at once 

earned to ceitain portals of excretion (excess of salts). 

3. Substances which are broken np in the intestine to facilitate 

their elimination (excess of proteid). 

4. Substances absorbed and carried along by the fluids, but not 

really united to the tissues (circulating albumin). 

5. Materials which after their aljsorptiou ai^e really assimilated 

by the protoplasm of the tibsues (a certain amount of all 

food-stuffs). 

6. Substances which, after tbeir assimilation by the protoplasm, 

ro-appear in their original form, and are stored up (fats). 

The question of the exact amounts and materials required to form 
the most economic and wholesome dietary is one of too great j^ructical 
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impoxtiSMe to xeodve adoqiute ottentioii in thi 9 maniial. Ab a 
rule like other animalft, partake of food largely in excess of 
their phyi^ogioal requirements when they can get it This may he 
seen hy oontxasting one’s own daily food with the amount which has 
been Ihund to he adequate in the case of iudiriduals who have not 
the Opportunity of regulating their own supplies of comestibles 

An adult man should be well nourished if he be supplied with the 
following daily diet : — 

Albuminous foods . 100 gnns. or 3*5 ozs. 

Fats . . , , 00 „ „ 31 „ 

Starch . . 300 „ „ 10*7 „ 

Salts . . . 30 „ „ 1-0 „ 

Water. . . . 2800 ,, „ 5 pints 

As a matter of fact, many persons do thriv^e on a much less 
quantity of proteid than that given in this table, but in their case 
the fats and starches should be proportionately increased. 

Such a dietary could be obtained from many comestibles alone, 
and hence the ta^ of the individual may be exercised in selecting 
his food without much departing from such a standard. Individuid 
taste commonly selects foods with too much proteid— i.c., an excess 
of nitrogen— whilst the cheapness of vegetable products dictates their 
use in greater abundance as food. 

Compare Chap. V., p. 68, where the <iuantity of the different 
food-stufEs in some of our common articles of diet is given. 



CHAPTER XXIV. 

ANIMAL HEAT. 

Part of the work done or energy set free by the chemical changes 
in the animal tissues appears as heat which is devoted to keeping the 
body warm ; for the bodies of most animals are considerably warmer 
than their surroundings. Warm-blooded animals are those which 
habitually preserve an even tem]>ei‘ature independent of the changes 
which take place in that of the medium in which they live ; and, as 
the term warm-blooded implies, their temperature is as a rule higher 
than the surrounding air or water. Cold-blooded animals on the 
other hand are those whose temperature is considerably affected by, 
or more or less closely follows, that of the medium surrounding them. 

The blood of all mammalia has pretty much the same temperature 
as that of man, about 37*5® C., and probably varies under similar 
circumstances. But birds, the other class of wann-blooded animals, 
have a temperature about 4° or 6® 0. higher than that of mammals. 

The blood of those animalb*whose temperature follows the changes 
that occur around them, is gcneiiilly from 1® to 5® C. higher than the 
medium iu*which they live. They produce some heat, though it be 
in small (piantity, and since they have no special plan for its regula- 
tion, it does not remain at a certain standard. Wherever active 
oxidization takes place, heat is produced ; so even in invertebrate 
animals an elevation of temperature occurs ; this can be easily 
ascertained when they exist in masses, ns bees, an active hive some- 
times reaching a temperature of 3d® C. 

Instead of the tenn “ warm-blooded,^’ it is moi'e accurate to apply 
to animals whose temperature remains uniformly even, and indepen- 
dent of their surroundings, the term Hoinwotliermiic'' (constant- 
temperature), and to animals with temperatures varying with their 
surroundings Poikilothcrinic^* (or changing temperature), instead 
of the woixls warm- and cold-hlooded. 
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Measurement op Temperature, 

On account of the slight degrees of variation that occur in the 
temperature of man, all the changes taking place can he measured 
with a thermometer having a short scale of some 20 degrees, each 
degree of which occupies considerable length on the instrument, so 
that very slight variations may be easily appreciated. Such ther- 
mometers, with an arrangement for self-registering the maximum 
height attained by the column of mercury, are in daily use for 
clinical obsen^ation, for the temperature of the body is now a 
most important aid to diagnosis and prognosis in a large class of 
diseases. 

As heat is constantly being lo^^t at the surface of the body, the skin 
is colder than the deeper parts, and in order to avoid variations 
caused by this surface loss — which depends in a measure on the 
temperature of the air — special arrangements are necessary to prevent 
the thermometer l)eiug too much influenced by it. The instrument 
may be brought into close proximity to the deeper parts by being 
introduced into one of the mucous passages, where it is surrounded 
by vascular tissue. In animaK the rectum is tiie most convenient 
part for the application of the thermometer, but in clinical practice 
it is usually placed under the tongue, or in tlie ann-pit, the bulb 
being held so that on all sides it is in contact nitli the skin and 
protected from the cool aii-. 

The variations at different parts of the body are but slight, and the 
average normal tempelature in man is f>und to be al>out 37® C. 


Normal Variations in Tempeilvtuee. 

The normal temperature undergoes certain variations, some of 
which are — (1.) Regular and periodical, depending upon the time of 
day, the ingestion of food, and the age of the indiridual. (2.) Acci- 
dental dbcumstances, such as mental or bodily exertion. 

а. The tempeiuture is liigliest between 4 and 6 p.m. and lowest 
between 2 and 4 a.m., the transition being gradual. This diurnal 
vaxiataon^ which normally does not much exceed 1® C., is much 
exaggerated in hectic fever. 

б. The temperature rises after a hearty meal and falls daring 
fasting. During starvation the tempeiatore sinks gradually until the 
death of the individual 

c. The temperature is highest at birth, and falls about 1® C. 
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between that and the age of 50 years, — in extreme old age it is said 
that it again rises. 

d, Iklnsculax exertion, which gives the individual the sensation of 
great warmth, only changes the temperature of the blood about *5® C. 
The very high temperature which accompanies the disease Tetanus, 
where all the muscles are thrown into a state of spasm, probably 
depends more on pathological changes than on muscular action. 

e. Mental exertion is also said to cause a rise of temperature. 

/. Slight differences in the beat of the blood may be brought 
about by variations in the surrounding temperature. The abnormally 
high temperature of fever is much more easily affected by changes in 
the rate of removal of the heat from the body, than is the normal 
temperature, and hence the therai)eiitic value of cold aj^plications in 
this class of diseases. 

The temperature of different parts of the body varies in a slight 
degree, and depends upon the following circumstances : — 1. The 
amount of blood flowing through them ; for the blood is the great 
cairier of warmth from one part to another, 8 uppl 5 dng heat 
wdiere it is lost by exi>osure, &c., and it conveys material to those 
parts wdierc the heat is generated. 2. The amount of heat pro- 
duced in a given pari, t.c., the activity of its tissue change. 3. The 
amount of heat lost, whicli depends on (a) the extent of surface ; 
(b) the external temperature; (c) the po>ver of conduction of, and 
the capacity for heat of the surrounding medium. 

From this it is obvious that the deeper parts of the body, where 
active chemical change takej iUnce and whirili are protected from 
exposure, must be w’armer tliau the exterior, wdiich is constantly 
losing its Jjeat to the air. The blood then which flows through 
the surface vessels is cooled, and that which Hows through 
the deeper vascular viscera is 'warmed. Thus the skin is usually 
about 37® C., while the mouth beneath the tongue is about 37‘5® C., 
and tlie rectum about 38® V, Accordingly, then, as the blood has 
recently passed through a part of the body where it luis bad an 
opportunity of losing or gaining heat, its temj)erature vsikies, but 
only within narrow limits. The mean temperature of the blood is 
higher than that of any other tissue. Tim blood in the hepatic 
capillaries is the wannest in the body. This reaches 40*73® in the 
dog, or nearly two degrees higher than Ibat in the aorta of that 
animal. The cool blood from the extremities and head mingling in 
the right side of the heart with the unu'*ually warm blood from the 
liver keeps the blood going to the lungs at the standard temperature. 
The blood in the left side of the heart is a little cooler than the 
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light, pvobably because the latter lies on the warm liver, as is proved 
by tlie substitution of a cold object for this organ, when the tem- 
perature is reversed, and the blood on the right side becomes colder 
than the left. It is not because the blood is cooled going through 
the lungs, for tlie heat used in warming the respired air is given off by 
the nose and other air passages and not by the alveoli of the lungs. 


Mode of Pkoduction of Animal Heat. 

It has ali'eady been indicated that the geiieml effect of the 
tissue change of the body is a kind of combustion in the tissues 
of ceitoin substances obtained from the vegetable kingdom, ^iz. 
proteid, fat, cai-bo -hydrate, &c. The combustible substances aie 
capable of being burned in the open air, or made to unite with 
oxygen so trs to produce a certain amount of heat, being thus converted 
into COj and HjO, In the body the oxidation goes on in a 
gradual or modified way, and the end products of the process can be 
recognised as CO, eliminated from the lungs, and as water and 
urea got rid of by the kidneys. The general tendency of the 
chemical changes in the tissues is such as will set free energy in the 
form of heat. 

The amount of heat that any substance is capable of giving ofi‘ 
corresponds to the amount of energy required for the formation from 
CO, and H,0, &c., of the compounds containe<l in it, and this cor- 
respondence remains jrhether tire disbociatiou take place rapidly or 
slowly. The substances we make use of as food have thus a certain 
heat value which depends upon their chemical composition. 

The high temperatui’e which homceothenidc animtils can keej) up 
in spite of the cold of the atmosphere in which they live rs 
readily accounted for by tlie chemical change which is constantly 
occurring in the tissue of their bodies. 

The amount of heat i>roduced in any jiarl; must, then, dejiend 
upon the activity of its tissue change, for we find that the teinpeiatuie 
varies with the elimiriatioii of CO, and urea, which give a fair 
estimate of the chemical changes of the tissues. 

1. The diurnal changes in temperature ore accompanied by an 
afternoon inciense and a morning <lecrease of CO, and urea. 

5L The tissue change giving rise to CO, decreases in a fasting 
jiiiifiiiil, as does also the production of heat. 

Z. More CO, is eliminatal after meals, wdien the temperature also 
riles. 
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4. The activity of various organs, such as the muscles and glands, 
is associated with a local increase of temperature. 

Income and Expenditube of Heat. 

As repeatedly stated, the chemical changes which give rise to Uie 
heat, cause a certain waste of the tissues, which have again to be 
renewed by the assimilation of various nutrient materials. The 
food is thus really the fuel of the animal body, and the peculiarity of 
this form of combustion is that the tissues assimilate or convert into 
their own substance the fuel, and then themselves undergo a kind of 
partial combustion by means of which they perform their several 
functions, amongst others heat -production. 

As already mentioned, heat is produced most abundantly in those 
tissues which undeigo most active chemical changes, hence the proto- 
plasmic cells of glands and the contractile substance of muscle must 
be looked upon as the chief agents in setting heat fi*ee. 

The possible hetit- income depends on the amount of nutrient 
matter assimilated. As each kind of food has a certain heat 
value, I.C., the iiumixjr of heat-units its combustion will produce, 
we ought to l>e able to estimate the amount of heat produced by 
ascertaining this value and subtracting the calorific value of the 
various substances given off by the body. Since practically the tem- 
perature of the body remains the same, the amount of heat lost 
during a given time should convspond to the income estimated from 
the number of lieut-units of yiefootl. So far,# however, attempts to 
make the adculated heat-income correspond with the e.vpeuditore 
have not bgen productive of satisfcictory results, the estimated calorific 
value of the food being hardly e<pial to the heat calculated to be 
given off by the body. We must remember that it is not the proteid, 
fat and starch of the food that we bum, but the liring tissues formed 
by tlie assimilation of these substances. We do not know what 
chemical changes go on in the steps of tissue formation, and therefore 
we cannot say exactly what combinations are submitted to the com- 
bustion which gives us a high heat-value. 

Since the activity of muscle and gland tissue is constantly 
undergoing variations in intensity, the amount of chemical change 
difters at different times, so that the amount of heat produced must 
also vary. We know that the heat set free by any organ, such as a 
gland or a muscle, increases in proportion t(» the inci'ease of its func- 
tional actirity, hut we cannot say that the calorific activity can vary 
independently of other circumstances. Without such a S 2 >ecial calorific 
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function of some tissues, such as muscle, the actual net heat-income 
must vary with circumstances which are accidental and therefore 
irregular. 

Since we know that the nervous system controls tlie tissue activi- 
ties which are accompanied by the setting free of heat, we can aei‘ 
how the nerve centres can materially influence the heat production of 
the body ; thus the more active are the muscles, glands, &c., which are 
under the control of nerves, the greater the amount of heat produced in 
a given time. That the nervous system can cause in any tissue a 
chemical change, giving rise to a greater production of hetit, without 
any other display of functional activity, %ve do not know, but many 
facts seem to point to such a possibility. 

The eliect of nerve influence on the production of heat is greatly 
complicated also by the enormous power exeroised by the nerves 
over the blood supply tlirough the means of the vaso-motor mechan- 
isms, for the temperature (if any given i>ai’t U so intimately related 
to the amount of blood flowing through it that the foniier has been 
commonly accepted as an ade<p\ate measure of the latter. 

For the present, therefore, we are not in a position to speak with 
decision of nerves with a purely thermic action. 

The expenditure of the heat may be clasned under the follu^\ing 
headings : 

1. In warming ingesta ; As a rule all the food and drink ve make 
use of as well as the oxygen we breathe are colder than the body, and 
before they iwiss out yie> are raised to the body teini^einture. 

2. Radiation and Conduction : Fioin the suiface of the body a 
quantity of heat U Ixjiug exjicnded in Manning the siiiTounding 
medium, which is habitinilly colder than our bodies. The colder tin 
medium, the greater its Ciipacity lor heat, and the more (piickly it 
comes in contact with neM* poiliuns of the suiface the more Mannth 
it robs us of. Water or dump air Uikes up much more heat 
from our surface than dry air of the same temperature, and the 
quantity of heat lost is still fiulher increased it* the iiiedium be 
in motion, so that the rehttively colder fluid is constantly 
renewed. 

3. Evaporation : (a.) From the air passages ; a quantity of M ater 
passes into the vaporous state and satiuaWs the tidal air, and this 
change of condition from licpiidto that of vapour absorbs much heat; 
(b.) From the skin : surface evaporation is alMays going on, even 
when no moisture is perceptible on the skin, and much fluid of M'liich 
we are not sensible is lost in tliis M'ay. The (quantity of heat lost by 
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evaporation from the skin will depend on the temperature and the 
degree of moisture of the air in 2 >roportion to that of the surface of 
the body. 

As has been said, the exact income of heat is uncertain and variable 
because the data upon which the absolute amount can be calculated 
are not scientifically free from error. According to the most careful 
estimates an adult weighing 82 kilo, produces 2,700,000 units of heat 
in the twenty-four hours which are expended in the following 
way 

In warming ingesta . . . 70,157 units of heat. 

wmming tidal air . . . 140,004 „ „ 

By the evaporation of 656 gim. 

water from the air passages 397,536 ., „ 

By surface loss . . . . 2,092,243 „ „ 

From this it apj^ears that more than three-fjuarters of our heat is 
lost by the skin (77*5 per cent.) ; by pulmonary evaporation, 14*7 'per 
cent. ; in heating the air breathed, 5*2 per cent. ; in heating ingesta, 
2*6 per cent. 

MAIKTEKA^TE OP UxiB'ORM TEMPERATURE. 

In order that the vital processes of man and the other homcoothenuic 
animals should go on in a uoniial manner, it is necessary that their 
mean temperatiue remain nearly the same, and we have seen that 
under ordinary circumstances it vaiies only about one degree below 
or above the standard 37° C., notwithstanding the changes taking 
place in the temperature# a round us. TlfU}> we Ciin live in any 
climat«*, however cold or warm, and so long as our body temperature 
remains Unaltered, we suffer no immediate injmy. 

There is a limit however to this power of miiintaining a uniform 
standaid temperatui’e. If a mammal be kept for some time in a 
moist medium, where evaporation cannot take pkce, at a temperature 
but little higher thim its la»dy, .vay over 45° C., its temperatui*e 
soon begins to rise and it dies with the signs of dyspnoea and convul- 
sions (probably from the nervous centres being affected) when its 
temperature ai rives at 43° — 4.5°. If placed in water at freezing point 
an animal loses its heat (luickly, and when its body tempeiiiture lias 
fallen to about 20° C. it dies in a condition i‘esembling somnolence, 
the circulation and respiration gradually failing. 

Since a variation of more than one or two degrees in the tcm])era- 
tui’e of our bodies interferes with the vital activities of the controlling 
tissue ill the nervous centres, it is of coui’se of the utmost importance 
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tliat adequate means for the nice regulation of the mean temperatuie 
of our Indies should exist 

The temperature of an animal’s body must depend on the rela- 
tions existing between the amount of heat generated in the tissues 
andoigans and the amount allowed to escape at the surface, and 
these must closely correspond in order that the heat of tlie body 
remain uniform. Both these factoids are found to be very vaiiable. 
Every increase in the activity of the muscles, liver, &c., causes a 
greater production of heat, while a fall in external temperature or 
increase in the moisture of the air causes a greater escape of heat from 
the snr£ice. 

The maintenance of uniform tempemture may then he accomplished 
by (1) variations in the heat income, so arranged as to make up for the 
irregularities of expenditure, or (2) vaiiations in the loss to compen- 
sate for the differences of heat generated. Since the temperature and 
moisture of our surroundings are constantly varying between tolerably 
wide limits, the amount of heat given off b}' our bodies must vaiy 
greatly at different times. In cold damp weather a great quantity of 
heat is lost in comparison with that which escapes from the body 
when the air is dry and w’ann. If the heat generated had to make 
up for the changes in the heat lost, one would expect to find a corre- 
spondingly great diflerence in the amount of heat generated at 
different times of the year, and no doubt we have ec^mc evidence in 
the keener appetite and consequent use of more fuel, and the natural 
tendency to active muscular exertion during cold weather, to show 
that a greater amount of combustion does take place in winter than 
in warm summer weatlfer. If tlie presAvation of a imifomi Ijody 
temperature de]>ended upon the variations in the amount of income 
exactly following those of the expenditure, we should find it 
impossible to set our muscular or glandular tissues in action except 
when the external temperature were ‘•uch as would enable us casUy 
to get rid of tlie increased heat following their activity. It ceiiainly 
would appear that the general tissue combustion, as measured by the 
amount off CO, given off, does increase when we are placed in colder 
surroundings — such os a cold bath ; still, as will presently api>eai‘, it 
is probable that the variations in he4it-income have but little ivgu- 
lating inffuenoe on the body temperature, and if they have any 
"we are certainly ignorant of the manner in which such influence is 
carried out. 

On the other hand, we know that the amount of heat-expen- 
diture may be varied by mechanisms which are almost self-regu- 
lating. It has already been stated tliat the great majority of the 
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heat is lost by the parts in contact with the air, namely, the skin 
and air passages. In these places the warm blood is exposed to the 
cool air, and therefore loses much of its heat by radiation, conduction, 
4ind evaporation. It is obvious that the greater the quantity of 
blood thus exposed for cooling, the greater will be the amount of 
heat lost in a given time by the body as a whole. 

If we review the circumstances wdiich tend to interfere wth the 
uniformity of the temperature of the body, wre shall see that eacli 
one is accompanied by certain physiological actions which tend to 
compensate for the disturbing influences. 

The chief common eA^ents tending to make our temperature exceed 
or fall short of its normal standard may be enumerated as follow^, 
and the explanation cf their modes of compensation will at the same 
time he given : — 

Compensation for Internal Variations. 

A casual increase in the heat income may be induced by any 
increased chemical activity in the tissues, uohibly the action of the 
muscles and large glands. The moment this inci*eased heat is com- 
municated to the blood, the wanii blood brings al>out the following 
results (partly tlii*ough the stimulation of certain ner\^e centres) : — 
(a.) An acceleration of respii-utory movement, which increases tlie 
amoimt of cold air to be Avarmed and saturated wnth moisture by tlie 
air pas>age8, and thus facilitates the escape of the suqilus caloric. 
(Ik) Relaxation of the cutaneous aiteriole<, so that a greater quantity 
of blood is exi)osed to the coaling influence o^ the air. (c.) Greater 
rapidity of the heart-beat, by Avhich a gi*eater quantity of blood is 
supplied ^ the air passages and to the surface ves&ids, (d.) And com- 
monly an increase in the amount of sw’eat jKmred out on the surface, 
affording opportunity for greater surface evaporation. As an example 
of these i)oint8 may be mentioned active muscular exercise, which 
daily experience show's us is always accompanied by quick breathing, 
rapid heart’s action, and a moist skin. The increased production 
of heat in fever gives lise to the same 1X5811118, Avith the exception of 
the secretion of the sweat, the Avant of the secretion (])rol>4ibly owing 
to the toxic inhibition of the special ner\'e mechanisms of the glands) 
is a deficiency in the heat-reguhiting amngemeiits, Avhich has much 
to do Avith the abnormally liigh temperature of the disease. 

When a lesser quantity of heat is produced, t)wing to inoctiAnity 
of the heat-producing tissues, the revei-se of these events takes place, 
namely, the respiration and heart’s action luxi sIoav, the skin is pole 
and dry, so that little heat can escape. 
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Compensation for External Variations op Temperature. 

When the tempeniture of the air rises much above the average, 
the escape of heat is correspondingly hindered ; and when the 
general body temperature begins to rise by this retention of caloric, 
we have the sequence of events detailed in the last paragraph as 
being caused by excessive production of heat. But before the blood 
can become wanner by the influence of the increased external 
temperature, the warm air, by stimulating the skin, brings about 
certain changes independent of the body temperature which satisfac- 
torily check the tendency to an abnormal rise. This can be shown 
by the local application of external heat, by means of which (a) a 
rush of blood to the skin, and (6) copious sweat seci*ction may be 
induced in a part. This is brought about by inij)ulses sent directly 
from the skin to the centres reguhiting the vasomotor and secretoiy 
mechanisms, and thus causing va*^ciilar dilatation and secretive 
acti\ity. If only a part he warmed, only a local effoit is made to cool 
that part, and this has hut little intiuence on the genenil l)ody 
temperature. 

When, however, the atmosphere becomes very warm, all the 
cutaneous vessels dilate simultaneously, and the escape of heat is 
greatly increased ; while, at the &une time, so much blood being 
occupied in circulating through the skin the deei>er — heat-producing — 
tissues are supplied with less blood, and therefore generate a le^^er 
quantity of heat. Thus a marked rise in tlie external tem}>erature, 
which at first sight wofild seem to impedi* the e<cape of heat frxjiu tlu* 
body, really facilitates it, by causing, through tlu* vascular and 
glandular nerve mechanisms of the skin, a greater expos».re of the 
blood to the cooler air, and a greater quantity of moi*'ture to In- 
evaporated from the wann i»kin. When the teiiij)erature of the aii 
reaches that of the body, then the only way f>f disposing of the heat 
generated in the body is by evaporsition, for iiidiation and conduction 
become impossible. In auiinaK like man, wlione ciihineoiis moisture 
is so great, external heat seldom caiiK-s mai ked change in the rate v)i 
breathing, but in animals whose cutaneous M*cretion is limited, 
external heat distinctly affe<'ts tht ir respirator}' movements, as may 
be seen by the panting of a dog oii a very warm day, even when the 
animal is at rest. 

Almost more iuiiKirUut than facilitating the eHca|>e of heat in 
veiy warn weather, are the arrangement s for ]>revcnting its loss when 
the snrronndings are unusually cold. In this case the cold acting as 
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a stimulus to the vaso-constrictor nerve agencies of the skin causes 
the blood to retire from the surface and fill the deex>er organs, where 
more heat is produced. Tliis bloodless skin and the underlying fat 
then act as a non-conducting layer or boundary protecting the warm 
blood from the cooling exi)osure. At the same time the secretion of 
the sweat is checked by a sx)ecial nen^e mechanism. Here, too, the 
cold air, which would soon rob the moist surface of its caloric, checks 
the secretion and thereby nullifies its eflects in this direction, and 
enables the body to remain at the normal standard temperature. 

The chief factors that regulate the body ternjjerature belong then to 
the exx:>enditure cleiiartment, ami may be said to be — (a) variation in 
the (piantity of blood exposed to be cooled, and (b) variation in the 
<[uantity of moisture ex 2 >osed for evaporation. These regulators 
have to compensate not only for dilferences of external temperature, 
hut also for great fluctuations in the amount of heat produced in the 
tissues. 

The regulating jiower of the skin, etc., aj>x>ears to be aderxuate for 
the x)crfect maintenance of uniform temperature only within certain 
limits. When the limits are pa.ssed by the rise or fall of the sur- 
rounding medium, the xireservatioii, for any great length of time, of 
a x)erfectly uniform body temperature becomes impossible. These 
limits vary very much in different animals, many f.»f which liave 
special coverings X)rotecting them from external influences, and thus 
retaining their warmth for all their lifetime in a teinx>erature seldom 
above 0"^ C’. In man the limits vary mueh, different individuals being 
differently affected according to many circumstances, e.g., in both 
extremes of age the limits are narrowed. It would apx)ear that for 
about C\ al »ove and below the body temx»erature our skin-regulating 
mechanisms are adequate, hut beyond these limits external change.s 
affect our general temperature, and if continued Ihjcoiuc injuriou.*?. 
Of course by imitating with clotliing the natural protection with which 
some animal.s are endowed we can aid the normal regulating factoiv, 
and bear much greater extremes of temx>erature with safety or even 
comfort. 

It surx)rises many jieople to hear that their bodies aix* always at 
the same temperature, no mutter liow hot or cold they feel, but, 
practically, tliis is the case, f(»r our sensations of being hot or cold 
mean sinqdy this : when we feel hot our cutaneous vessels are full 
of warm blood, and tliis communicates to the cutaneous nerve ter- 
minals — the sensory nerves — the sensation of general warmth. On 
the other hand, when the cutaneous vessels are empty, the sensory 
nerves arc directly aflected liy the cold of the external air. Since 
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the full or empty state of the ve^ls of the skin depends generally 
on the heat or cold of the air, we commonly speak of iU being cold 
and mndve» being cold as synonymous terms. But we can make 
onrselves waim by violent exercise even on a frosty day, because we 
generate so much heat by muscular action that the cutaneous vessels 
liave to be dilated in order to get rid of tlie surplus, and thereby 
regulate our body temperature, and thus we have the sensation of 
b^g worm. Our feelings when W'e say we are warm or cold fcimply 
depend upon our cutaneous vessels being full or empty of wtirm 
blood. 

The local appreciation of differences of temperature will be discussed 
under the sense of Touch. 



CHAPTER XXV. 

CONTRACTILE TISSUEJ^. 

In the lower forms of organisms the motions executed by proto- 
plasm suffice for all their re(piirements. Thus the amoeba manages 
to pass through its entire lifetime with no other kind of motion at its 
diH^)osal but the flowing circulation and the budding out of its soft 
protoplasm. A vast number of minute organisms depend wholly upon 
the protophismic streiim and the twitching of cilia for their digestive 
and ])rogressive movements. Before we leave the class of animids 
which never pass beyond the unicellular stage, we find, however, 
examples in which a portion of their protoplasm is specially adapted 
to the pei-fomiance of sudden and rapid motions. The protoplasm 
so modified in function deseiwes the name of contractile material. 
Thus, though the protoplasm which lies within the stalk of the bell 
animalcule is moridiologically undifferentiated, it can contract with 
such rapidity that the eye cannot follow the motion. 

As we ascend in tlie set^e of animal life,»the necessity of having 
motions of varied ra])idity and duration at the command of the 
animal l|fcoines more and more urgent, and so we find not only one, 
but several kinds of tissue specially adapted tor cairying out motions 
of different rate and duration. 

As a general rule the more rapid the contraction it perfoims the more 
the tissue difters from the original tyjai of protoplasm ; and the slower 
and more persistent the contraction, the more the tissue element# 
resemble protoplasmic cells. Thus, in the minute blood t easels, as 
we have seen, a veiy prolonged form of contraction, only varied by 
partial relaxations, is tlie rule, and gives rise to the tone of the arterioles, 
and the contractile elements differ but little from ordinary protoplasmic 
cells. The intestinal movements are i’a])id compared with those of the 
arterial muscles, and in them we find a thin, elongato<l form of 
muscle cell. In the heart a forcible and quick contraction takes 
place, which, however, is slow when compared with the sudden jerk 
of a single spasm of a skeletal muscle, and we find its texture 
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difierent, being a form intermediate between the slow-contracting 
smooth muscle and the quick-contracting striated skeletal muscle. 

By borrowing examples from the lower aniirials, this parallelism of 



structural differentiation and increase of 
functional energy cun be more perfectly 
demonstrated, and we can make out a 
gradual scale of increasingly rapid motion 
corresponding with greater complexity of 
stmcture. 

The contractile tissues of the human 
body show many varieties both of func- 
tional and structural differentiation. 

Histology op Muscle. 

The term muscle includes the textures 
in which the protoplasm is specially diffe- 
i*entiated for puri>ose8 of contraction. 

The muscle tissues of the higher animals 
may be divided into two classes ; 1. non- 
fttriated or smooth, and 2. stiiated, in which 
again there are some slight variations. 

The umtri€ited muscle tissue U that in 
which the elements are most like contrac- 
tile protoplasmic cells, and have so far 
retained the typical form as to be easily 
« recognisable as^ cells when separated one 
fnuii the other. Tliese cells are more 
or less elongated, flattened, honv>geneous 
elements with a single, long, rod-like 
nucleus and no cell walk They are 
tightly cemented together by a tough 
elastic substance, so that their tapering 
extremities fit closely together and form 
commonly a dense mass or sheet. Some- 
times tliey brunch more or less regularly, 
and then are arranged in net-works. 

These cells vary greatly in size as well 


P^. 177.— Kiieleoelliydiow- 
iDg dllfotenteoiidiiioa of 
the pratofilMni of the 
cell sad andeos. 


as in the relation of their length to their 
width, in s^ime places deserving the name 
fibres, or fibre-cells, and in others 1)eing 
only elongated cells. 


The striated muscle tissue is that which is found in the voluntary 
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skeletal muscles and in the tissue of the heart, and therefore forms the 
large proportion of the animal, and is known as the flesh. The flesh 
can l>y judicious dissection easily he divided into single parts called 
muscles, each of winch contains many other tissues and is so attached 
as to carry on certain movements, and may, therefore, he regarded as 


an organ. 

Such a muscle is enclosed in a sheath 
of connective tissue from which, sheet- 
like partitions or septa pass into the 
mass of the muscle and divide it into 
bundles of fibres, which they enclose. 
These septa also act as the hed in 
wliich the vessels and nerves lie. 

The bundles of fibres of skeletal muscle 
vary much in size, giving a coarse or 
fine grain in different muscles ; they are 
composed of a greater or less niunber of 
fibres, which lying side by side run 
l)arallel one to the other. The single 
fibres of striated muscle vary in length, 
sometimes reaching 4 — 5 cm. (2 inches), 
but being on an aveiage much shorter, 
so that they only extend the entire 



Fig. 178.— Short striated cell* of 
the heart miude, separated one 


length of a muscle in the case of very showing the truncated (o), or 

short muscles. In long muscles their dmded (c) end*, and bnmehe* 

tapering points are made to correspond , 
with those of other fibres to which they are finnly attached. The 


soft fibres are pressed by juxtaposition into prismatic forms, so 
that in a fresh condition tliey appear |K)lygonal in transverse section. 
When freed from all pressure or tiaction they become cylindrical and 
the transverse striation of the contractile substance appears regulai*, 
and is easily recognised. 


Eacli fibre consists of a delicate case of thin, elastic, homogeneous 
membrane, forming a sheath called sarcolemma, within which the 
essential contractile substance is enclosed. The soft contractile sub- 


stance completely fills and distends the elastic sarcolemma, so that 
when the latter is broken its contents bulge out or escai>e. After 
death, particularly if preser\*ed in weak acid (HCl), the^ striation 
becomes more marked, and the dead and now rigid contractile sub« 
stance can be easily broken up into transverse plates or discs. 

Besides the transverse striation a longitudinal marking con be seen 
in the muscle fibre which indicates the sulnlivision of the contractile 
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attlwIaBoe into tbin threads called primitive fibiillie. Each primitive 
shows a transverse marking, corresponding with the transverse 



striation, which divides the fibrils 
into short blocks called sarcous, or 
muscle elements. These markings, 
as well as the transverse striations of 
the muscle fibre in general, depend 
on different parts of the contractile 
substance having different powers of 
refraction, which give the appearance 
of dark and light bands. 

In the muscle fibre are found long 
granular masses like protoplasm ; 
these are the nuclei of the contractile 
substance. They must not be 
confounded with the nuclei of the 
sarcolemma, which are much more 
numerous along the edge of the fibre, 
or with the other short nuclei seen 
in such numbers between the fibres, 
which indicate the position of the 
Ciipillary vessels. 

It is stated that each striated 
muscle fibre has a nerve fibre 
ing directly into it, but the exact 
details f>f the mode of union in 
mammalia are not yet satisfactorily 
made out. .r 

Properties op Muscle in the 
Passive State. 

f Consistence , — The contractile sub- 
stance of muscle is so soft as to 
deserve rather the name fluid than 
solid ; it will not drop as a liquid, 


J%.i7ir.-Tiroffl.re.0f»triiitedinn)!- separated parts will flow 


de, in wbidi the contractile sub- together again like a half-melted 

I«thU»i»Cit r».mbfa, 
(«) end (s); (p) space under the protoplasm of elementary orgttn- 
antxAeamm. (Bnnrier.) the buds from which are so 


iKift that they can nnitc around foreign bodies, and yet hav(* 


sulllcieiit consistence to distinguish them from fluid. 
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OhemiecU empoMon . — Tiie cheialoal isompositioii of the contcftetile 
sabstanoe of mnscle in the living etate is not accurately known. 
The death of the tissue is accompanied by certain changes of a 
chmnical nature which give rise to a kind ofcoagulationy resulting in 
the formation of two substances, viz., muscle serum and muscle clot or 
mposm. This coagulation can be postponed abnoit indehnitely in 
the contractile substance of the muscles of cold-blooded animals, by 
keepingthe muiscle after its removal at about 6^0, Inthiaway a pale 
yellow, aptlescent, alkaline juice may be pressed out of the muscle 
and separated on a cold filter* This substance tuims to U jelly at 
freezing point, and on being allowed to come to the otdinaiy tempera- 
ture of the room it passes through the stages of coagulation seen in the 
contractOe substance of dead muscle, and gives the same fluid serum 
and clot of myosin. Since a frog’s muscle can be frozen and thawed 
without the tissue being killed, it is supposed that the thick juice 
is really the contractile substance, and it has been called muscle 
plasma. 

The coagulation of muscle plasma reminds us in many ways of the 
clotting of the blood plasma, but the muscle-clot, or myosin, which 
is gelatinous and not in threads like fibrin, is a globulin, and is soluble 
in 10 per cent, solution of salt. It is readily changed into syntonin 
or acid albumin, and forms the preponderant albuminous substance of 
muscle. 

The serum of dead muscle has a distinctly acid i*eaction, and 
contains three distinct albuminous bodies coagulating at different 
temperatures, one of which is serum albumin, jind another a derived 
albumin, potassium-albumin.* The serum of muscle also contains : 
(1.) Kreatin, kreatiiiin, xantliin, &c. (2.) Haemoglobin. (3.) Grape 
sugar, muscle sugar, or inosit, and glycogen. (4.) Sarcolactic acid 
made from the inosit by fermentation. (5.) Carbonic acid. (6). Potas- 
sium salts ; and (7.) 75 per cent, of water. Traces of pepsin and 
other ferments have also been found. 

Chemical change . — In the state of rest a certain amount of chemical 
change constantly goes on, by whioh oxygen is taken from the 
htemoglobin of the blood in the capillaries, and carbonic acid is given 
up to the blood. These changes seem necessary for the nutrition, and 
therefore the preservation of the life and active powers of tlie tissue, 
beci^use if a muscle after removal be placed in an atmosphere f^e 
froifi oxygen, it soon loses its chief vital character, viz., its iiTitability. 

Elasticity . — Striated muscle is easily stretched, and, if the extension 
be not carried too far, recovers very completely its original length. 
We say then that the elasticity of muscle is small or weak, but very 



JUNUAL OF PHYBlOtOGT. 


pexladt. WlHili A muscle is stmtdbsd to a given extent by a weight — 
sn^Af JUpsosnift^if anotlier gxamme be then added, it will not stietch 
io much as the first did ; and so on if repeated gramme 
i»we^|hls hi added one after the other, eacii succeeding gramme will 
cause less extension of the muscle than the previous one ; so that 
the more a muscle is stretched the moi*e force is requh'cd to stretch it 



Fig. 18C.— 1. ShowH gtaphieally the amount of cxteuaiou cauxco by equal weight 
increments applied to a steel spring:. 

2. Shows graphically tho amount of extension aiuscd by equal weight 
increments applied to an india>robl«r band. 

S. The same applied to a nog’s muscle. Showing the dcrre«i*nag incre- 
ments of extension; the gradual continuiiig stretching and the 
failuro return to tho when the weiglit w removed. 

to the given extent, or, in other wonls, the elastic force^of muncle 
Increases with its extension. 

If a tracing be drawn showing the extending effect of a series of 
equal weights attached to a fresh muscle, it will he found that 
a great difference exists betweem it and a similar nn'ord drawn by 
inorganic bodies or an elastic band of nihber. 

l^en a weight is applicil to a muscle, it does nol immediately 
stretch to the full extent the weight is ca]iahle of efff^cting, but u 
certain time, which varies with circumstances, is rcqiiire^l for its 
complete extension. The rate of extension is at first rapid, then 
alomr,«imtil it ceases. As a muscle loses its powers of coii|aic> 
tion firom fatlgne, it becomes more easily extended. Dead muscle 
has a greater but less perfect elasticity than living, t.e., it requires 
greater force to stretch it, but dries not return ho jicrfectly to 
its former fdmpe. The impoitance of the elastic jivo^ierty of ninscle 
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in the niovements of the body is notewoxthy. The miucles m 
always in some degree on the stretch (as can be seen in a |nillnred 
patella, the fragments of which remain Isr apart and cause the 
euigeon much anxiety), and bxace the hones together like a ser^ of 
springs, the various skeletal muscles being so arranged as to stretch 
others by their contraction. When one muscle — ^for example, the biceps 
—contracts, it finds on elastic antagonist already tense ; this it has to 
stretch as it shortens. The triceps thili acts as a weak spring, 
opposing the biceps, and it gently returns to its natural length when 
the contraction of the biceps ceaseS. By their mere elasticity the 
muscles are kept tense and ready for action, and have to act againslP 
41 gentle spring-like resistance, so that the motions are even, and there 
is no jerking, as would occur if the attachments of the inactive 
niuHcles were tdlowed to become slack. 

Electric Phenonuna . — In a living muscle electric currents may 
be detected, having n definite direction, and certain relations to the 



Yig. ISl.— Non-polarisable £leettx>doH. Tlic glum tubes (os) oontain tulphute 
of Kincsolutian («. m). into which well amalgamate idnc rodsdip. The 
lower extremity is plugged with china clay (cA. r), which protrudes 
at (<^) the i)omt. The tubes can be moved in the Imldera (AA), so as 
to be brought accurately into contact with the musde. (Fostw.) 

vitality of the tissue. As they seem to be invariably present m a 
passive muscle tliey have been called naUtral rmtsek currenk. 

They are generally studied in the muscles of cold-bloodetl animals 
after reinovid from the body. The muscle is spoken of as If it were 
a cylinder with longitudinal and transverse surfaces corresponding 
to its natuml surface and its cut extremities. In such a block of 
frog’s muscle the measurement of tlie electric currents requires con- 

B B 2 
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sid^ble because they Ate bo difficult to detect that a most 
senftitiTe galvanometer must be used ; and such an instrument can 
easily be disturbed by currents due to bringing metal electrodes 
into contact with the moist saline tissues. Speciall^r constructed 
electrodes must be used to avoid these currents of polarisation taking 
place in the terminals touching the muscle. These are called non^ 
poktrisahU electrodes, and may be made on the following plan : — 
Some innocuous material moistened in saline solution (*65 per cent.) 
is brought into direct contact with the muscle, and, by means of 
saturated solution of zinc sulphate, into electrical connection with 
amalgamated zinc terminals from the galvanometer. Thus the muscle 
U not injured, and the zinc solution prevents the metal terminals 
from producing adventitious currents. 

Small glass tubes drawn to a point, the opening of which is 
plugged with moist china clay, make a suitable receptacle for the 
zinc solution, or, instead of the china clay, a camel-hair brush set in 
plaster of Paris may be used to keep the zinc solution in the tube, 
and the hair moi^ned in salt solution forms a suitable point of 
contact with the muscle. If a pair of such electrodes be applied to the 
middle of tlie longitudinal surface at (e) (fig. 182), and of tlie trans- 
verse surface at (p) respectively, and then be brought into connection 
with a delicate galvanometer, it is found that a current 2>as3es through 
the galvanometer from the longitudinal to the transverse surface. A 
current in this direction can he detected in any piece of muscle, no 
matter how much it be dirided longitudinally, and ])robahly would 
1)6 found in a single fibre had we the ny^ans of examining it. The 
nearer to the centi-e ol the longitudinal and tran^iverse sections the 
electrofles are placed, the stronger will be the current ieeoive<l by 
them. If both the electrodes be jdacc'd on the longitudinal or on 
the transverse surfaces a current will j)as.s through the galvanometer 
from that electrode nearer the middle of the longitudinal section 
(called the ectuator of the muscle cylinder) to the electrode nearer the 
centre of the transverse section (jKde of muscle cylinder). If the 
electrodes be placed e<iuidistant from the ixdes or from the eciuutorno 
current can be detected. 

Tlie central part of the longitudinal surface of a piece of muscle is 
then positive, compared with the central 2 )art of the extremities or 
tninsvezee sections. And between these parte, the equator and poles 
of tlie muscle cylinder, where the difierence is most marked, are 
various gradations, so that any point near the equator is positive 
when compared with one near the poles. 

Tliere then, a current passing through the substence of the 
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piece of muscle from both the transverse sections or extremities of 
the muscle block to the middle of the longitudinal surface, whether 
it be a cut surface (longitudinal section) or the natural surface of 
the muscle. This is called the muscle ewrrent^ or sometimes natural 
muscle current 

If the cylinder in the accompanying figure be taken to represent 
a block of muscle, c would correspond to the equator, and p to the 



Fig. Ib2.— Diugiui^ilto illustrate tlic cuntAits in muscle. 

( ( ^ Equator, com'sponds to the centre of the muscle. 

( }i) l\>lar regions of cylinder representing the extremities of the mnsclc. 

The arrmir heads the direction of the surface currents, and tlie thickness of lines 

indicates the strength of the cunvnts. (After Fick.) 

poles, and the arrowheads show tlie dir<*clion of the currents passing 
through the galvanometer, the thickiies.< of the lines indicating their 
force. The dotted lines o ai*e connected with points where the 
electro-motive force is equal, and therefore no current e 2 dsts. 

The electro-motive force of the muR(‘le-current in a frog’s gracilis 
has been estimated to be about *05 — *08 of a Daniell cell. It gradually 
diminishes as the muscle loses its vital proprties, and is also reduced 
by fatigue. The electromotive force rises with the temperjiture feom 
5® C. until a maximum is i*eached at about the body tentperatore of 
mammals. 

These muscle-currents are very weak if the uninjimed muscle be 
examined in sifw, the tendon being used as the transverse section ; thej' 
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uom become more mariied after the exposure of the muscle^ hnd if 
the tendon be injured they appear at once in almost full foree. In 
animak 4|iiite inactive from cold the muscles natureMy a(re ]^t slowly 
altered by exposuixi, &c.^ and the muscle-currents ao not appear for 
aconsidexable time, which is shortened on elevating the temperature. 
It hasi therefore, Ixsen supposed that in the perfectly normal state 

a living animal there are no muscle-currents so long as the muscle 
X'emains in the })a88ive state. 

ikcnvB State of Muscle. 

A muscle is capaUe of changing from the passive elongated con- 
dition, the properties of which have just been described, into a state 
of contraction or activity. Besicles the change in fonu, obvious in 
tlie contracted state of the muscle, its chemicali elastic, electric, and 
thermic properties are altered. The capability of passing into this 
active condition is spdsen of as the irritabilUif of muscle. This is 
directly dependent upon its chemical condition, and therefore related 
to its nutrition and to the amount of activity recently exerted, which, 
it will hereafter appear, changes its chemical state. 

Under ordinary ciicumstances, during lite, the muscles change? 
from the jKissive state into that of contraction in response to ceiiniii 
impulses coinmuskated to them by nerves, which caiTv impressions 
from the brain or spinal cord to the skeletal muscles. The influence 
of the will is, then, the common rtimulus which excites most skeletal 
muscles to action. But we find that thci*e are many otlier influences 
which, when applied a muscle, cuuciIho bring a1)out the some 
cluinge. These influences are called stimuli. 

We commonly utilise the nerve belonging to a muscle in«ori1er to 
throw it into the contracted state, but the great majority of stimuli 
can bring about the change w’hen applied to tho muscle directly. 
Since the iien'es branch in the subshmee of the muscle, and are 
distributed to the individual fibres, it might, as has been uxgued, 
l>e the stimulation of the terminal nen^e ramifications that biing*^ 
almnt the contraction, even wdien the stimulus is applie<l to tlu? 
xntisele directly', for the nen'es of course would 1>e affected by the 
stimulus applied to the muscle. Tliat muscles con be stimulated 
without the intervention of neives is satisfactorily proved by the 
following fhets ; — 1. Some parts of muscles, such as the lower cml 
of the saTtorioi, and many muscular structures which have no nerve 
terminals in them, respond energetically to ail kinds of muscle 
stoitli 2. There ore some substances which act os stimuli when 
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directly to muscle, but have no such effect upon nerves^ viz,f 
fimunonia. 3. For some time after the nerve has ceased to rea^i on 
account of ^tsrtdyi^ after removal from the body, the attached muscle 
will be found quite irritable if directly stimulated* 4. The arrows 
poison, Curam, has the extraordinary effect of paralysing the nerve 
terminals, so that the strongest stimulation of the nerve calls forth 
no muscle contraction. If the muscles in an animal under the 
influence of this poison be stimulated directly, they respond with a 
contijaction. 

This separation of muscles from nerves would appear rather 
artiifleial, and antagonistic to the teachings of the development of 
these tissues, both in the ascending scale of the animal kingdom and 
in the individual. 


Muscle-Stimuli. 

The circum<^tances which civil forth muscle contraction may be 
enumerated thus 

1. Mechanical Stimulation , — Any sudden blow, pinch, &c., of a 
living muscle causes a momentary contraction, which rapidly passes 
off when the irritation k removed. 

2. Thermic Btimnlatwiu — If a frog’s muscle l>e warmed to over 
30^* C. it will l)egiii to contract, and before it reaches 40'* C. the 
muscle will pass into a condition known as heat rigor, which will be 
mentioned presently. If the temperature of a muscle be reduced 
below 0°C. it shortens before it becomes frozen. 

3. Chemical Stivivlaiion , — A number of chemical compounds also 
act as stimuli when they are applied to tlfe transverse section of 
a divided muscle. Among these may be named — (1) the mineral 
acids (HDl, *1 per cent.) and many organic acids ; (2) salts of iron, 
zinc, silver, cop])cr, and lead ; (3) the neutral salts of the alkalies of a 
certain strength ; (4) weak glycerine and weak lactic acid, which 
only excite nerves when concentrated ; (5) bile also is said to stimulate 
muscle in much weaker solutions than it will nen^e fibi*es. 

4. — Electric Stimulation , — Electricity is the most convenient form 
of stimulation, because we can accunitely regulate the force of the 
stimulus. The occurrence of any variation in the intensity of an 
electric current passing through a muscle causes it to contract The 
sudden increase or decrease in the strength of a cun'ent acts as a 
stimulus, but a current of exactly even intensity may be made to 
pass through a muscle without exciting any contraction* The 
common method employed is that of opening or closing a circuit of 
which the muscle forms a ^mrt, so as to make or break the eozrent ; 



S76 


MANUAL OF PHYSIOLOGY. 


iWid thus a variation of intensity, equal to the entire strength of the 
current used, takes place in the muscle, and acts as a stimulus. 

The irritability of muscle substance is not so gfeat as that of the 
motor nerves, that is to say, a slight stimulus will make the muscle 



JKg, lS3.~-Du Boili EejTnond’s luduitoniim Mith Muijnetic lutemipter. 


c. Primary eoil through vhich the primary, inducing^ current passes, on its way 
through the electro-magnet (6J. 

/. Scconda^ coil, uiiich can be moved nearer to or further from the pnmnry eofl (t 
thereby aUoving a stranger or ureuker current to be induced m it. This induced 
cmxeot is the stimulatiz^: one. « 

h, ELectro-magnet, whirii on receiving the currant breaks the contact in the circuit of the 
primary ooU by pulling down the iron hammer (A), and sepamtuig the spring from 
the acrow of t. When it brings the spring m contact nith the fk^t of the 
pillar (a), it also demagnetucs itself by ** short-circuiting the liattcry. 

When tetanus is to be produced, the wires from the battciy' are to be 
with g and d, 

When a single contraction is required, the magnetic mterrupter is cut out by diiftfaig 
the wire from a to the binding screw to the right of /. 


contract when applied to its nerve, while the same stimulus will 
have no effect if applied to the muscle directly. In experimenting 
on the contnietion of muscle, as already stated, the intervention of 
the nerve is commonly used, the stimulus, by means of an electric 
ennent affplied to the nen*e, being more conveniently and completely 
distributed to the muscle than when ajiplied directly. 

The cnrrait of a battery may be used to stimulate a muscle, but 
an induced current is more ccinmonly employed on account of the 
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greater eiiicacy of itH action. The instrument in ordinary use in 
physiological laboratories is Du Bois-Beymond^s inductonum, in 
which the strength of the stimulus can be reduced by removal of the 
secondary coil, and which is supplied with a magnetic interrupter, by 
means of which repeated stimuli may be given. (See Fig. 183.) 

Changes occurring in Muscle on its entering the Active 

State. 

Changes in Structure . — The examination of muscle with the micro- 
scope during its contraction is attended with consideiable difficulty, 
and in the liiglier animals has not led to satisfactory results. In the 
muscles of insects, where the differentiation of the contractile sub- 
stance is more complicated, certain changes can be observed. The 
libres, and even the fibrilloj within them, can easily enough be 
seen to undergo changes in form corresponding to th(»se of the 
(*ntire muscle, mjinely, increase in thickness and diminution in 
length. A change in the position and relative size of the singly and 
doubly refracting portions of the muscle element has been described, 
and some authors state that the latter increases at the expense of the 
ibrmer after an intermediate period in which the two substances 
fecem fused together. 

Chanical Chang* s , — During the contnicled condition the chemical 
changes which go on in passive muscle aie intensified, and certain 
new chemical decompositions arise of which, however, not much is 
known. 

Active muscle takes up moit: oxygen thah mu>cle at rest, as is 
sh<»wn b} the facts that, during active muscular excK'ise, more 
oxygen (ffiteni the body by respiration, an<l the bloinl leaving active 
muscles is poorer in oxygen than when the Siime muscles are passive. 
This absorption of oxygen cannot be detected in a muscle cut out of 
the body, nor is any supply of oxygen neeessiry for a contiuction of 
feuch a muscle, since a liGg’s muscle will contract in an atmospheiv 
containing no oxygen. From this it would appear tliat a certain 
ready store of oxygen must exist in some chemical constituent of the 
muscle substance, and it is possible that some chemical compound, 
which is constantly renewed by the bhxKl existing in the muscle, is its 
iiomial source of oxygen, and not the oxy-liccmoglobiu of tlie blood. 

The amount of CO, given off by a muscle incrt^ases in ifis state of 
activity, as may be seen by the greater eliminatit>n from the lungs 
during active muscular exercise, and by the ‘fact that the venous 
blood of a limb, when the muscles are contracted, contains more 
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00, than whm they are relaxed. The increase of CO, can also be 
deteotad in, a muscle lemoved from the body and kept in a state of 
cciatniiOtion. Moreover, this increase in the formation of 00, in a 
mnscle takes place ’whether there is a new supply of oxygen given to 
it or not, and the quantity of CO, given off always greatly exceeds 
the quantity of oxygen that is used uj). So that it is not exclusively if 
at all from the newly-8ujq>lied oxygen that the CJO, is produced. 

Muscle tissue, when passive, is neutral or faintly alkaline ; during 
contfaction, how’ever, it becomes distinctly acid. The litmus ’which 
it changes from blue to red is permanently altered, and we can, 
therefore, conclude that CO, is not the only acid that makes its ap> 
l^eorauce. The other acid is sareolactic and, which is constantly 
present in muscle after prolonged contraction, and varies in amount 
in proportion to the degree of acti\uty the muscle has undergone. It 
therefore varies directly with the CO,, which would seem to suggest 
a relationsliip between the origin of the two acids. 

The amount of glycogen and gnipe sugar is said to diminisli in 
muscle during its activity, and it is stated that sareolactic acid can be 
produced from these carbo-hydrates by the action of certain feiments. 

Active muscle contains more substances that can be extracted by 
alcohol and less that are soluble in water than passive muscle. 

The chemical changes 'wdiich take ]>lace during muscle contraction 
are probably the result of a decomjwsitioii of some carbo-hydiutes, in 
which the albuminous substances do not take any part that reipiire^ 
their own destruction. This seems 8U]>p(>rtod by tlie fact that the 
increased gas exchange^in muscle during active exercise can be recog- 
nised in a corresi>onding change in the^gas exclmnge in pulmonary 
res|)iration ; and, moreover, there seems no relation Initween 
mtiscnlar labour and the amount c»f nitrogenous waste, as’estimated 
Ijf the nrea elimination, which one would expect if muscular activi- 
ties were the outcome of a decomposition of the nitrogenous (albu- 
minous) parts of the muscle substance. 

The chemical changes which are commonly said to take place in 
mnsele during its contraction ai’e : — 

1. The contractile substance, which is nf>rmal1y neutral or faintly 
alkaline, becomes acid in reaction owing to the fonnation of sarco- 
lactie acid. 

Mm oxygen is taken np from the blood than in the muscle at 
rest This using up of oxygen ocenrs also in the isolated muscle, 
and its amount appears to be indejiendeut of the blood supply. 

3. The extractives* soluble in ’water decrease, tbo.<se soluble in 
aiceliol ineiease. 
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4. A greater amount of CO, is given olf, both in the isolated muscle 
as well as in the muscles in the and the change in the quantity 
of CO, has no exact relation to that of the oxygen uted. 

5. A diminution is Kiid to occur in the contained glycogen, and 
certainly prolonged inactivity causes an increase in the amount of 
glycogen, 

6. A peculiar nm«<cle-8ugar makes its aj)pearance. 

Change in Elasticity . — The elasticity of a muscle during its state 
of contiaction is less than ulien it is in the passive state. That is 
to say, that a given weight will extend the same muscle more if 
attached to it while contracted (as in tetanus) than when it is relaxed. 
The contracted muscle is then more extensible. If, then, a wei^t 
which is just over the maximum load the muscle can lift, be hung 
from it and the niu^-cle then stimulated, it should become extended, 
because the change to the active state lessens its elastic power, while 
it cannot contract, being over-weighted. 

Electrical Changes . — It a muscle, in connection wdth a galvano- 
meter so as to show the natural curn'iit, be stimulated by means of the 



Pig 1S4 — Diugram lUustxutui^ the* aiTaugmcnt m Uic IlheoBoopic Frog 

bml) limb. The current from the eleci^rodee piuwes into 

nerve (n) oi Btimulatmg lun]> (a), tuiuung it8 gusboenemius tocontmet %Vhore' 
upon the negative vanution ot the natui^ < urrent betvkccn + und - BtamuluteB 
tliO nor\e (n') , and cvriti”* the muwdos of u to action 

nerves, a inaiked ebange occurs in the cuiwit. The galvanometric 
needle swings toward, zero, showing that the current is wcakenul 
or destroyed. This is called the ntgatire variation of the muscle 
current which initiates the cliauge to the active condition. When 
the muscle receives but a momentary stimulus so os only to give a 
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single contraction, this negative variation takes place in tbe current, 
but, owing to its extremely short duration, the galvanometric needle 
is prevented by its inertia from following the change. Only the 
most sensitive and well-regulated instruments show the electiic 
change of a single contraction, but when the muscle is kept con» 
tract^ by a series of rapidly repeated stimulations then the inertia 
of the needle is readily overcome. The negative variation of a single 
contraction can, however, be easily shown on the sensitive animal 
tissues. For this purpose the nerve of one nerve-muscle preparation* 
is placed upon the surface of another muscle so as to pass over the 
middle of the transverse and longitudinal sections. Then the second 
(stimulating) mnecle is made to contract, the negative variation acts 
as a stimulus to the nerves l}dng on it, and so the first (stimulated) 
muscle contracts. Not only does this show the negative varhition of 
a single contraction, but it also demonstrates that the continued 
(tetanic) contraction produced by repeated stimulation is associated 
with repeated negative vaiiations. Because the contiaction of the 
stimulated muscle whose nerve lies on the stimulating muscle follows 
exactly all the variations of the stimulator, and is kept contracted as 
long as the other is contracted, an<l, as we shall see presently, the 
continued contiuction can only be brouglit about by a rapidly re- 
peated series of stimulations, so that the electric con<lition of the 
stimulating muscle must undergo a scries of variations. 

If an isolated part of a muscle Ihj stimulated tlie contraction 
jHisses from that point as a wave the remainder of the muscle. 
This contraction wave is preceded by a wave of negative variation 
which passes along the muscle at the rate of 3 metres i>er second 
(the same rate as the contraction wave, see under), ksting at any one 
point *003 of a second, so that the negative variation is over before 
the contraction begins, for the muscle r*e(iuire8 a certain time, called 
the latent period, before it commences to contract. 

The origin of the electric cunents of muscle will lie discussed with 
nerve-currents, to which the reader is referred (p. 421). 

Temperature Change , — Long since it was observed in the huuiuu 
subject that the temperature of muscles rose during their activity. 
In frogs’ muscle a contraction lasting 3 minutes caused an elevation 
of *16^ C. And a single contraction is said to pnxiuce a rise varying 
from ^1^ to *005^ C., according to circumstances. 

The prodnctimi of heat is in proportion to the tension of the 

* Of a aavMmide prgpanitioa if meant a muscle of a frog (commonly the gastro- 
cnemliis and tiie half d the femur to vhkh it is attadied) and ite nerve irhidi hoe 
tan enta^y sqpaiata from other puts and removed from the body. 
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luascle. When the muscles are prevented from shortening a greater 
amount of heat is said to be produced. 

The amount of heat has also a definite relation to the work per- 
formed. Up to a certain point the greater the load a muscle has to 
move, the greater the heat produced ; when this maximum is reached 
any further increase of the weight causes a falling off in the heat pro- 
duction. Repeated single contractions are said to produce more heat 
than tetanus kept up for a corresponding time. 

The fatigue which follows prolonged activity is accompanied by a 
diminution in the temperature elevation. 

Muscle Contraction. 

Change in form . — The most obvious change a muscle undergoes in 
passing into the active state is its alteration in shape. It becomes 
shorter and thicker. The actual amount of shortening varies according 
to circumstances, (a) A muscle on the stretch when stimulated 
will shorten more in proportion than one whose elasticity is not 
called into play before contraction, so that a weighted muscle shortens 
more than an unweighted one with the same stimulus. (6) The fresher 
and more irritable a muscle is, the shorter it will become in response to 
a given stimulus ; and, conversely, a muscle which has been some time 
removed from the body, or is fatigued by prolonged activity, wdll 
contract proportionately less, (c) AVithiii certain limits, the stronger 
the stimulus applied the shorter a muscle ’uull Income, (if) A 
warm temperature augment^ the amount of shortening, the amount 
of contraction of frogs’ muscles increasing up lo 33° C. A perfectly 
active frog^s muscle shortens to about half its normal length. If 
much streslched and stimulated with a strong ciirreiit it may contract 
nearly to one fourth of its length when extended. Muscles are seldom 
made up of perfectly parallel fibres, the direction and arrangement 
varying much in different muscles. The more parallel to the long 
axis of the muscle the fibres run, the more will the given muscle lie 
able to shorten in proportion to its length. 

The thickness of n muscle increases in proportion to its shorteming 
during contraction, so that there is hut little change in bulk. It is 
said, however, to diminish slightly in volume, becoming leas than ^Jg^th 
smaller. This can be shown by making a muscle contract in a bottle 
filled with weak salt solution so as to exclude all air and to communi- 
cate with the atmosphere only by a capillary tube into which the salt 
solution rises. The slightest decrease in bulk is then shown by the 
fall of the thin column of fiuid in the tube, * 

Since a muscle loses in elastic force and gjiins but little in density 
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4uxh^ mime^on the hardness whldb is communicated to the touch 
depends on the diffeience of tension of the semi-fluid coatnolile 
eahslaiM iNrithin the muscle sheath. 

The Qiuphic Method op Recobbxko Muscle CoyrnACTioN. 

In order to study the details of the contraction of muscle, the 
innaphic method of recording the motion is applied. The curve may he 
drawn on an ordinary cylinder moving suflicieutly rapidly. Whem 
accurate time measurements are required it is better to use one of the 
many special forms of instrument«s, called muorjra’plis^ made for the 
purpose. The principle of all these instruments is the same ; namely, 
an electric current, which passes throngh tlie ner\'e of a frog’s muscle 
connected with the marking lever, is hi'oken by some mechanism, 
while the surface is in motion ; the exact moment of breaking the 
contact can he accurately marked off on the recording surface by tin* 
lever which draws the muscle curve before the instrument is set in 
motion. The rate of motion is registered by a curve' drawn by a. 
tuning fork of known rate of vibration. 

In onier that the muscle-nerve ywepaiation m^ty not be injured by 
the tissues becoming too dry, it is ]>laced in a smtdl glass box, the air 
of which is kept moist by a damp sponge. Tliis moist chamber is used 
when any living tissue is to be protected fi*om drying. 

The first myograph used was a complicate*! instrument devised by 
Helmholtz ; in which a small gloss cylinder is made to rotate rapidly 
by a heavy weight, and when a certain velocity of } otition i^ attained, 
a tooth is thrown out by centrifugal force, wliich bi-eaks the circuit of 
the current passing through the nerve of the mu.scle. Th^ U'ndon is 
attached to a balanced lever, at one end of whicli hangs a rigid style 
pressed by its omi weight against the glass cylinder. When the 
cirenit is broken the muscle contracts, raises the lever, and makes the 
style draw on the smoked glass cyliialer. 

Pick introduced a flat recording surface imwing by tlu* swing of a 
pendnlom, by wliich the abscissa is made a M'gmeut of a circle, and 
not a straight line, and the rate varies, so that the different parts <d‘ 
the curve have varying time>values. The curves given in the 
following wood-cats are drawn with the Pendulum Myograph, 

Du B^-Beyinond draws muscle curves on the smok^ surface of ii 
small glois plate contained in a frame, which is siiot by the force of a 
spiral spring along tense wires, and on its way breaks the contact 
lite trigger used for* releasing the spring sets a tuning fiuk at the 
same time vibiutittg. 



PHASES OF A 8IKOLE OOKTBACTION. 


»S» 


Single Contrachon. 

In response to a dxigleiartantaneoufiBlimuli^ sucli as the making or 
breaking of an electric current, a muscle gives a momentary twiteli or 
spasm, commonly spoken of as a iingle mdraction^ which is of so diort 
duration, that without the graphic method of recording the motion 
we could not appreciate the phases which are seen on the curve. 



Fig. 1S5.— Curve draun by a frog’s gastrocnemius on the Pendulum Myograph, bdow 
is seen the tuning fork record of the time occupied by the contractioii. Parana to 
the latter is the abscissa. The little vmiscal mark at the left shows the moment of 
stimulation, and the distance from this to the banning of the nse of the curve 
gives the latent period, which is followed by the ascent and descent of the lever. 

The curve drawn on the recording surface of a pi*nduliim myograph, 
by such a single conti-action, is represented in figure 183. The short 
vertical stroke on the abscissa or base line is drawn by touching 
the lever when the muscle is in the uncontracted state, and indicates 
the time of stimulation. The iip^KT curved Hue is drawn by the 
lever and during the coutnStion of the muscle. 

In such a curve the fbllowing stages are to be distinguiriied : — 

1. A snort period l>etween the moment of stimulation and that 
at which the lever begins to rise, during which the muscle does 
not move. Tliis is known as the laimt period, in the Aelelal 
muscles of the firog this period lasts about *01 sec. 

2. A peiiod during which the lever rises, at fir>t slowly, then more 
((uickly, then again slowly, until it ceases to rist». This stage has 
been called the ])eriod of rUin^ energy. It lasts about 0*04 sec. 

3. AVhen the highest j^oiiit is attoiiuHl the lever commences 
to fall, at first slowly, then mora tfuickly, anil at lost slowly. 
There is then no pause at the height of contraction. Th<‘ ^age of re- 
laxing has been called the period of falling enei gg. It is faid to occupy 
a somewhat longer time than the second period, lasting about sec. 

Thus we see that a stimulus occupying an iirtmeasurably short time 
sets up a change in the molecular condition, which taking nearly 
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sec. to roa its course, and requiring ^ sec. before it exhibits any 
change of form, then in sec. attaining the maximum height of 
contraetioni and inrithout waiting in the contracted condition, spends 
ill sec. in relaxing. 

The kUent period wliich appears in a single contraction curve drawn 
by a muscle stimulated in the usual way, through the medium of a 
nerve, is not entirely occupied by preparatory changes going on in the 
substance of the muscle, but a certain part of the time recorded as 
latent period corresponds to the time required for the transmissipn 
of the impulse along the nerve. This may be diown by stimulating 
first the hr end of the nerve and then the muscle it^lf. In this 
case two carves will be drawn having different latent periods, that 
obtained by direct stimulation of the muscle being ihorter, and 
representing tbe real latent period of the muscle, while the longer 
one iadodes the time taken by the impulse to travel along tbe piece 
of nerve between tbe electrodes and the muscle (see p. 420). 

The latent period varies much in different kinds of muscle in tlie 
same kind of muscle of different animals, and in the same individual 
muscle under different conditions. As a rule the slow-contractiiii; 
muscles have a longer latent period. Thus the non-striated slow 
contracting muscles found in the hollow viscera have a latent period 
of some seconds. The striated muscles of cold-blooded animals have 
a longer latency than the same kind of muscle in birds and mammalia. 
The same gastrocnemius of a fre^ has a shorter latent ]>eriod when 
strongly stimulated, or when its temperature is raised, and vice versa. 



Jfig, ISS.— Cams diawti by tbe aame muecle in different etngee of fatigfoe— A, wben 
fredi; B, C, D, £, each immediately after tbe moacle had oontmeted 200 times. 
ttaisiog that lat^nc eauees a low, Ions' oontraction. 


Hie latent period is considerably lengthened by fatigue. If the 
weight be so applied that it does not extend the muscle l>efore con- 
tnaium, Ipt only bears on it tbe instant it commences to shorten, the 
dusation of the latent period increases in proportion to the weight 
the muscle has to lift. 

The duration of the angle contraction of striated muscle varies in 
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clififoreat cases and under var3isg circumstauces. The greatest 
difference is reached by the muscles found in different l^ds of 
animals. The contraction of some kinds of muscle tissue (non- 
striated muscle of moUusca, for example) occupies several minutes^ and 
reminds one of the slow movement of protoplasm ; while the rapid 
action of the muscle of the wing of a horsefly occurs 330 times a 
second. Various gradations between these extremes in the rapidity of 
muscle contraction may be found in the contractile tissues of different 
animals. The following table gives the rate of contraction of some 
insects’ muscles, which may help to show the extent of these varia- 
tions. 


Horsefly 

Bee 

Wasp 

l^ragon-fly 

Butterfly 


330 contractions per second. 


190 


9f 




110 

28 


9f 

99 


9 


99 


99 


Among the vertebrata the dumtion of the contraction of the skeletal 
muscles varies considerably according to the habits of the animal. 
The limb muscles of the tortoise and toad take a very long time to 
finish their contraction ; other muscles of the same animals act more 
quickly, but do not attain the rapidity of contraction of the skeletal 
muscles of warm-blooded AniinAlif, 



Fig. 187.— -Six cunrea drawn by the same muscle when stretched by different weights 
Shoeing that as the weight is increased the latency becomes longer and the eon- 
traction less in height and duration. 


The duration of a single contraction of the same muscle is also 
capable of considerable variation. It seems to be lengthened by any- 
thing tliat leads to an accumulation of the cheiuicul products which 
arise from muscle activity. Hence fatigue c»r o^vr-stilnulation cause 
a slow contraction (Fig. 186). 
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Tig, 18S.— Curves dravm by the same muscle at different temperatures. Bhouring that 
■with elevation of temperature the latency and the contraction become shorter. 
(The muscle had been previously cooled.) 


Moderate increase of temperature greatly slioitens the time occupied 
liy the single contraction of any given muscle. Excessive heat causes 
a state of continued contraction. 



o 


Tig, dwwn by ^ same muscle while being cooled. (SQiowhig that the 

Istttiey and theemitiaction become longer as the temperature is reduced 

Tile reduction of temperature causes a muscle to contract more 
skmiy, aad^ when extreme, the muscle remains contracted lung after 
the stimulus is removed. 

W %ve of Contretetion, — If one extremity of a long muscle be stimu- 
lated without the aid of the nerve (it is best to employ a muscle from 
a curarised animal), the contraction passes along the muscle from the 
point of^ stimulation in a wave which travels at a definite rate of 
3—4 metres per sec. in a frog, and 4 — 5 metres per sec. in a mammal. 
Reduction of temperature* and fading of vital activity cause the 
velocity of the wave* to he lessened, until finally the tissue ceases 
to conduct ; then only a local contraction occurs, severe stimulus 
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caasing simply an elevation at tlie point of contact. This seems 
analogous to the idio-muscular contraction, which marks the seat 
of severe mechanical stimulation after the general contraction has 
ended. 


Maximum Contraction. 

The extent to which a muscle will contract depends upon the 
conditions in which it is j)laced, and varies, as we have seen, with the 
load, its irritability, the temperature, and the force of the stimulus. 
A fresh muscle then, at the ordinary temperature with a medium 
load, will contract more and more as the intensity of the current 
employed increases. There is a limit to this increase, and with com- 
paratively weak stimulation, an effect is produced which cannot be 
surpassed by the same muscle, no matter what stimulus be applied. 
This greatest contraction is the same for all medium stimuli while 
the muscle is fresh, and is called the Ttwximum contraction, being the 
greatest shortening which can be produced by a single instantaneous 
stimulus. 



190.— Pendulum myograph tracings showing summaUon. 

1. Carve of maximum contraction drawn by first stimulus, the exact time of an>]ica'- 

tion of which is shown by the smuU up-stroko of the left band of the bam line. 

2. Maximum contraction resulting from second simple stimulatiQn given at Uie 

moment indicated by the other small up-stroke. 

3. Curve drawn as the result of double stimulation sent in at an interval iDdicatc<l 

by the distance between the up-strokes, showing summation of sttmulua and 

consequent mcrcasc in oontmction over the ** maximum contraotion.*’ 

Summation , — Each time a muscle receives an induction shock of 
medium strength it contracts to its maximum. If a second shock be 
given while the muscle is in the contracted state, a new maximum con- 
traction is added to the extent of the contraction the muscle was in at 
the moment of the second stimulation, and if stimulated when tlie 
lever is at the apex of the curve the sum of th^ effect produced will 
1)6 equal to two maximum contractions. 

If applied in the middle of the i>eriod of the ascent or descent of 

0 G 2 
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the lever a second stimulation gives rise to 1| maximum eontiactions^ 
and so on^ in various parts of the curve, a new maximum curve is 
produced, arising £rom the x>oint at which the lever is when the 
second stimulus is applied (Fig. IdO). 

During the latent period a second stimulation produces less marked 
effect^ and is difficult to demonstrate, but if the second stimulus 
come after an interval of more than ^ sec., summation can be 
appreciated. 

This summation of effect also takes place when the stimulim is 
insufficieut to produce a maximum contraction, the succeeding weak 
stimuli give rise to the same extent of contraction of the already par> 
tially contracted muscle, as if it were at its normal length at the time 
of the second stimulation. The following tracings (Figs. 191 — 193) 
show the effects of repeated stimulations applied at the various 
periods indicated by the numbers on the abscissa line. 


Tetanus. 

If a aeries of stimuli be applied one after the other, at intervals 
e^ual to about half the duration of a single contraction, a summation 
of ecrntmctioiui occurs, which results in the accumulation of effect 
until the muscle has shortened to about one-half of the length it attains 
during a single contraction, or about one-fourth the normal length of 
the relaxed muscle ; it can then tiiorten no more no matter how the 
stimulus be increased in rate or strength. Not having sufficient time 
between the stimuli it^cannot relax, so ^ remains contracted perma- 
n^tly a$ loiq; as the stimulus is continued, the vaiious single conlrac- 
tlons caused by the repeated shock all being fused together ^ig. 191) ; 
but if the interval be more than half the time occupied bya single con- 
traction then the line drawn by the lever will hhow notches in^cating 
the apices of the fused single contractions (Figs. 192 and 193). 

This condition of continuous summation of contractions is called 
UUxnm^ and in all probability is not only the commonest but the 
only kind of muscular motion that can be produced by the action of 
the nerves in obedience to the wiU. All the actions of our skeletal 
muscles ore then made up of the fusion of many single contractions 
intotetaxmsi and such motions as appear too quick for tetanic action 
are accomplished by the interposition, at a certain moment, of the 
action of an antagonistic muscle which 6to])s the movement and 
makes the act eztretpely rapid. 

With from twenty a second to upwards of many hundreds of in- 
duced shocks one can produce tetanus in a frog’s muscle. The lowest 
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limit of this range is probably about the number of impulses commu- 
nicated to human muscles by their nerves, since the tone produced 
by contracting muscle corresponds to the first overtone of a primary 
note produced by 19*5 vibrations in a second. The number of 



Eig. 191.~Curve of tetanus resulting from 80 stimulations per second, drawn on a 
drum rotating slowly compared with the motion of the Pendulum Hyogiaph. 
The stimulation commences at ** 80,’* and ceases just before the lever begins to 
faU. No trace of the individual contractions of whi^ the tetanus is composed 
can be recognised. 



Fig. 192 --Curve of tetanus composed of imperfectly fused contractions zesultiDg from 
12 stimulations per second. The serrations on the left of the curve indicate the 
individual oontiactions. 



Fig. 198.>-Totanus produced by 8 stimulations per second. 

The more perfect fusion of the single contractions shown towards the end of the curve 
depends on the altered condition of the muscle* 


stimuli required varies with the rate of contraction of the miiscle 
employed, the quick contracting bird’s muscle roquirfng 70 per 
second, while the exceptionally slow-monng tortoise muscle olily 
requires 3 per secoml. According to some, there is a limit to the 
number of stimuli which will cause tetanus, 300 per second is named 
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as the maximum for a certain strength of stimulus ; with stronger 
stimuli, even when more frequent, tetanus occurs. It has been shown 
that many thousand stimuli per second can cause tetanus even with 
very weak currents. If tetanus be hept up for some seconds, and 
the etunnlation be then suddenly stopped, the lever falls rapidly for 
a oerlaitt distance, bnt the muscle does not quite return to its ncumal 
length for some few seconds. This residue contraction is easily 
oveteome by any substantial load. If kept in a state of tetanus by 
w^ stimulation, after some time the muscle eommencet to relax 
ft&m fatigue, at first rapidly, then more slowly ; this fsUing-off of 
the tetanic contraction may be prevented by increasing the stimnlns. 


Muscle Toxe. 

Although the tracing d^a^^^l by a lever attached to a muscle 
in tetanus is straight, and does not show any variation in the 
tension of the tetanised muscle, some variation in tension must occur, 
ainoe a low humming sound is produced during contraction. This 
mnsde-tone can be heard by applying the ear firmly over any laige 
mnsda (biceps) while in tetanus, or by throwing the muscles attached 
to the Eustachean tube into action, as in swallowing, or dming spasm 
of ^ muades in mastication. 

The number of vibrations of the muscle-sound has been estimated 
to be from 18—20 for the human skeletal muscles. This number of 
vibrations, however, does not produce any audible note ; lienee it has 
been supposed that the note we hear is leaRy the first overtone, and not 
the fondammital tone. When a muscle is thrown into tetanus by a 
cimeut interrupted by a tuning fork, a tone is said to be {irodiioed 
which corresponds to the number of vibrations of the fork which 
causes the interruption in the current, and thus regulates the number 
of ilamiilations which the muscle leceives. If, however, a coutraction 
of the muscle be brought about by stimulating the spinal cord, with 
the same apparatus for making and breaking the current, then the 
normal muscle^tone is produced, just as if the contraction was the 
result of a nerve impulse coming from the brain. 


Ibbitability akd Fatigue. 

The life of the muscle tissue of mammalian animals is closely 
dependent upon a good supply of nutrition, and if its blood current 
be completely cut off by any means fur a length of time it loses its 
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power of contracting, While the muscle remains in the body, and is 
therefore kej^t waiiu and moist by tlie juices in the tissues, it will liTe 
a very considerable time without any blood flowing through it, and it 
at once regains its contractility when the blood stream is again allowed 
to flow through its vessels. This is seen when the circulation of a 
limb is brought to a standstill by means of a tourniquet or a tightly 
applied bandage. Wlien removed from the l^ody, a mammalian muscle 
soon ceases to be iridtable and dies, but its functional activity may be 
renewed by passing an artificial stream of arterial blood through its 
vessels, and an isolated muscle may thus be made to contract 
repeatedly for a considerable time. 

On the other hand, the muscle of a cold-blooded animal will remain 
alive for a long time — many hours — ^if kept cool and moist. When its 
functional activity is about to fade, it may be revived by means of 
an artificial stream of blood being caused to fl(»w through its vessels, 
just as in the case of the mammalian muscle. 

Common experience teaches us that even when well supplied with 
blood our own muscles become fatigued after veiy prolonged exertion, 
and are incapable of further action. This occurs all the more rapidly 
when anything interferes with the flow of blood through them, such 
as when we use our aims in an elevated i>osition ; the simple operation 
of driiung in a screw overhead is soon followed by pain and fatigue in 
the muscles of the forearm, though the same amount of force could be 
exerted when the arms ai’e in a dependent posture without the least 
feeling of fatigue. 

The difficulties of experimenting with th^ muscles of mammals 
make the frog-muscle the Common material for investigation, and 
from it ^ learn the following facts : — 

When removed from the Ijocly and deprived of its blood supply, 
tlitt muscle of a cold-blooded animal slowly dies from want of nutri- 
tion. However, if it l)e placed under favourable circumstances, and 
allowed perfect rest, it may live twenty-four hours. If it be 
frequently excited to action, on the other luind, it rapidly loses its 
irritability, liecoming in fact fatigueil. 

From a muscle removed from a recently killed animal, we learn, 
moreover that even without any blood supply the muscle- tissue is 
capable of recovering from very well-marked fatigue, if it he allowed 
to rest for u little time, so that the muscle has iu itself the material 
requisite for its recuperation. * 

The first question then is, what causes the loas of irritability whidit 
we call fatigue ? And the second is, by whdt means is the muscle 
enabled to return to a state of functional activity ? We know tbai 
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the mem life of a tissue must be acoompauied by certain chemical 
changes i^hich require (1) a supply of fresh material, and (S) the 
removal of certain substances which are the outcome of the tissue- 
change* In the case of muscle this diemical interchange is constantly 
hot slowly going on between the contractile substance and the blood. 
When the muscle contracts mudi more active, and probably different, 
changes go on in the contractile substance, more new material being 
required, and more effete matter being produced. It is probable 
that the accumulation of these effete matters is the more important 
cause of the loss of irritability in a musde, for a feog’s muscle when 
quite fatigued may be rendered active again by washing out its blood 
vessels with a stream of salt solution of the same density as the 
smim (-6 per cent NaCl), and thus removing the injurious fatigue- 
stuf^’’ as they have been called. We know also that a very minute 
quantity of lactic add injected into the vessels of a muscle destroys 
its irritability, and brings it to a state resembling intense fatigue. 
Of the new material required for the sustentation of muscle irrita- 
bility we know that oxygen is amongst the most important, though 
its supply is not absolutely necessary for the recuperation of a 
partially exhausted, isolated frog’s muscle. 

The slow recovery of a bloodless muscle from fatigue may be 
explained by supposing time to be necessary for the reconstruction of 
new contractile material, and probably also for a secondary change 
to take place in the effete materials by which they become less 
iigurious. 

When working actively, then, it is obvious that the muscles require 
an adequate supply of good arterial flood in order to ward off 
exhaustion ; and, as already explained in speaking of the '^omotor 
influences, a muscle docs in re^ty receive a much greater supply of 
blood when actively contractmg than when in the passive state. 

The irritability of a muscle and the rate at which it becomes 
exhausted may be said to depend upon : — 

1. The adequacy of its blood supply : the better the supply of 
new material and the more quickly the injurious effete materials are 
rmnoved, the more work a muscle can do without becoming ex- 

fl. Temperature has a marked effect on the irritability as well 
as ksaa of contraction of muscles. Very low temperatures — ap- 
proaching * 2 ero C. — diminish the irritability of a muscle, but do not 
mem to tend towards more rapid exhaustion. High temperatures 
approacbii^ 30^ C.-Alncrease the irritability, and at the same time 
xapidly bring about fatigue. At about 35^ C. an isolated frog’s muscle 
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begins to pass into beat tetanus, and soon loses its irritability iot 
ever. 

3. Functional activity is accompanied by an increased blood* 
supply, and a more perfect nutrition of the muscles, and hence use is 
advantageous for their grouiih and power ; while, on the other hand, 
continued and prolonged inactivity causes a lowering of the nutrition 
and loss of irritability. Thus when the nerves supplying the voluntary 
muscles are injured, there is considerable danger of atrophy and tissue- 
degeneration of the muscles ; the contractile substance becomes 
replaced by fat granules. This degeneration also occurs in the stump 
when a limb is amputated, the distal attachments of the muscles 
having been cut, they atrophy ; for, although their nervous supply 
is uninjured they cannot act, and after some time muscle tissue 
can hardly be recognised in them. 

Death Rigor. 

The death of muscle tissue is preceded by, and associated with, a set 
of changes which aie a kind of exaggeiation of those observed in its 
active state. The most obvious phenomenon is an unyielding con- 
traction, which causes the stiffening of the body after systemic 
death. Hence it is called rigor mortis. The muscles harden ; lose 
their elasticity, and the tissue is tom if forcibly stretched. When 
isolated, the muscle is seen to be opaque, and its reaction is found 
to be distinctly acid. A considerable quantity of beat is developed 
during the progress of the rigor. The el^tric currents alter in 
direction and finally disappear. 

The pgriod at which rigor comes on, as well as the time it laatd> 
depend on (a) the state of the muscles themselves, and (6) the circum- 
stances under which they are placed at the time of dejith. All influ- 
ences which tend to facilitate the approach of tissue-death also tend 
to induce early and rapidly-terminating rigor, viz., (1.) Prolong^ 
activity — as may be shown in a muscle artificially tetanised, or 
may be seen in an animal whose death was preceded by intense 
muscular exerticjii — causes rigor to appear almost immediately, and 
to terminate rapidly. (2.) Within certain limits, a high temperature 
fiEu:ilitates the production of rigor in dying muscles, and indeed a 
temperature not much exceeding that normal to the tissye induces 
rigor immediately. This form of contraction, which w called heat^ 
rigor, is brought about in mammalian muscles by a temperature of 
about 60® C., and in frogs’ muscles below 40® C. If, however, the 
temperature of a muscle bo suddenly raised to the boiling point, it is 



394 


MANUAL OF PHYSIOLOGY. 


killed^ and tile chief phenomena of rigor are prevented from occurring. 
(3.) Freezing postpones the appearance of the changes in the muscles 
upon vrhidi rigor depends. (4). Stretching, or any mechanical 
excitation whicli tends to injure or hasten the death of the tissue, 
causes it to pass more rapidly into rigor. (5.) The application of 
vater and of a number of chemical substances causes muscles quickly 
to pass into a state of rigor similar in all essential respects to that 
vrhich ordinarily follows the death of the tissue. (6.) Any stoppage 
in the blood-current normally flowing through a muscle, after some 
little time makes it pass into a state of rigidity like rigor mortis, 
but this may be removed by allowing the blood to flow freely again 
through the muscle. 

It is generally admitted that muscle rigor depends on the coagu- 
lation of the muscle plasma, giving rise to myosin and muscle 
serum. This is in most respects comparable with the coagulation of 
the blood, and also seems to be produced by the action of some 
ferment, of which several have been made f)Ut iu dead muscle tissue 
(compare the par. on chemistry, 369). 

Most of the phenomena of the process of muscle-rigor remind us of 
the changes which wero noted as occurring in muscle, when it pisses 
from the passive to the active state. Thus the shortening of the fibres, 
the evolution of heat, and the chemical changes may he said to be 
identical in contraction and rigor mortis. The electrical changes are, 
however, very transitory, and aie followed by complete loss of elas- 
ticity and irritability. Opacity of the tissue accompanies its later 
stages. c 

Thus, while dying, the muscle ti<^ue may be said to go through a 
series of events analogous to tho»e which would occur in a pr(»longed 
contraction without any period of recuperation. The idea mitumlly 
has suggested itself to the minds of phydologi^its that the active 
state of muscle depends ujK)n chemical changes which aro the initial 
steps in the coagulation of the contractile «(ubstance, when the 
muscle is dying. The muscle tissue is suppohcd to contain a s^>ecia] 
Xxroteid of extremely intricate and unstable chemical constitution, 
which, like all plannata, is constantly undetgoing slow molecular 
eiumge, and which if not re-integrated by ci^tnstaut assimilation 
would pass into coagulation. Under the influence of stimuli a coiu- 
parativetysndden and intense molecular disturbance is brought about, 
which produces shortening of the fibres and the same chemical 
ehaages as precede the coagulation. Before the stage of coagulation 
appears, however, a ctiemical re-arrangv«ment taki*s plao||| the result 
of which is the re-eonstruction of the unstable complex proteid. If 
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nutriment be withheld, or if the stimulation be too powerful, the 
recovery cannot take place, and we find the muscle passing firom a 
state of physiological contraction to one of intense exhaustion, and 
then to coagulation and death. 


UNSTRIATED MUSCLE. 

So far reference has only been made to the skeletal muscles, the 
fibres of which are marked by transverse striations, and whose single 
contraction is extremely rapid and short. The contractile tissues 
wdiich carry on the movements in the various organs of the body are 
not striated fibres, but, as has been already stated, consist of elongated 
flattened cells with rod-shaped nuclei. They occur generally in the 
form of sheets or layers forming coats for the organs in which they 
lie. Their single contraction is slow and prolonged, and commonly is 
transmitted from one muscle-cell to another as a kind of sluggiidi 
wave. They are incapable of passing into a tetanic state of contrac- 
tion like striated muscles. 

The slowest contraction seems to be that of the little muscle- 
cells in the walls of the blood-vessels. These remain in a state 
of partial contraction, which undergoes a brief and partial rhyth- 
mical relaxation. The most forcible aggregate of unstriated muscle 
elements is met with in the uterus. This organ, wliich has very 
exceptional motor jwwers to perform, contracts in somewhat the same 
way as the muscles of “the bljpod-vessels, but iaoi*e quickly, and with 
longer rhythmical intervals of partial relaxation. The muscular wall 
of the intestine and the iris are among the most rapidly contracting 
smooth niusdbes. 

The chemical properties of the smooth muscle are much the same 
as those of striated skeletal muscles, and they pass into a state of 
rigor, wliile dying, which seems to depend on the same causes as 
the rigor mortis already described- 



CHAPTER XXVI. 

THE APPLICATION OP SKELETAL MUSCLES. 

The consideration of the many varieties of muscles, and the various 
modes in which they are attached to the bones that they are destined 
to move, belongs to the department of practical anatomy, and needs 
no mention here. As a general, but by no means universal rule, a 
muscle has one attacliment which is i^ed, commonly spoken of as 
its onyirif and a second, called its tnserfton, upon wMch it acts by 
approximating it to the origin. Muscles mostly pass in a straight 
line between their two attachments, but sometimes they act round 
an angle by sliding over a pulley, or by means of a small bone in 
the tendon, like the patella. 

The muscles are so attached that they are always slightly on the 
stretch, and thus at the moment they be^ to contract they are in an 
advantageous position to bring their action to bear on the bones which 
they move. When t^e contraction ceases the bones are drawn back 
to their former position without any sudden jerk or jar. 

The muscles commonly act upon the bones os levers l|}y working 
upon the short arm of the lever, so that more direct force is required 
on the part of a muscle than the weight of the body moved ; but from 
this arrangement considerable advantages are gained, viz., that a 
miftll contraction of the muscle causes an extensive excursion of the 
part moved, and much greater rapidity of motion is attained. 

All the three orders of levers are met with in the movements of 
the different bones of the skeleton ; often, indeed, all three varieties 
ate found in the same joint, os the elbow, where the simple extension 
and flexion motions of the biceps and trice])8 muscles give us good 
examplcf (Fig. 194). 

The fliet order of lever is used when the triceps is the power and 
draws upon the olecranon, thus moving the hand and forearm around 
the trochlea which acts as the fulcrum. This is shown in the upper 
diagram, in which the hand is striking a blow with a dagger. 
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The eecond order comes into play when the hand, resting on a 
point of support, acts as the fulcrum, and the triceps pulling on the 
olecranon is the power which raises the humerus upon which is fixed 
the body or weight (middle diagram). 

The third order may be exemplified by the action of the biceps in 
ordinary fiexion of the elbow. Here the muscle, which is the power, 
is placed between the fulcrum— repre- 
sented by the lower end of the humerus 
— and the weight which is carried by 
the hand (lower diagram). 

The various groups of muscles which 
are so arranged as to assist each other 
when acting together, are called syner^ 
getxc, and those which when contracting 
at the same time oppose each other, are 
called antagonistic. The same muscles 
may, in different positions of a joint or 
in combination with other different 
muscles, have totally different actions, 
at one time being synergetic and 
at another antagonistic. Thus, the 
stemo-mastoid muscle may, in different 
positions of the head, either bend the 
cranium backwards or forwards, and so 
co-operate with two sets of muscles 
which are definitely antago^jistic to one 
another. 

• 

Joints. 

The unions betii\’een the bones of the 
fkeleton are very varied in function and 
character. They may be classified ns : — Fip i‘»4 —Bingrams showiaa the 

1. SexuRES, in which the bones ore 

* , . . , , - . ™ lc\ei« (uumoered nom soove 

nrmly united by rugged surfaces with- illustrated by the 

out the interposition of any cartilage. 3^“^* 

They are practically only the lines of 

union of different bones, which grow together to form a single bone. 

2. Symphyses, in which two bony substances are stiongl}* cemented 
together by ligaments, and a more or less thick adliereut layer of 
fihro-cartilage, are joints allowing of some •movement, which is, 
ho'wever, very limited. 
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3. Aethroeubs, or true movable joints, such as are commonly met 
with in the extremities. They are characterised by a synovial sac 
lining the surrounding ligaments, and two smooth surfaces of cartilage 
whic^ cover over the bony extremities taking part in the articulation, 
and form what are called the articular surfaces. The synovial sac 
is strengthened by a loose membranous covering— the capsular liga- 
ment — which is attached round tlie edge of the cartilages next to 
the periosteum, which here ceases. 

The articular surfaces are always in exact and close contact, being 
pressed together by the following influences : — (1.) Tlie elastic tension 
and tonic contraction of the surrounding muscles, which exert con- 
siderable traction on them. (2.) The traction of the sunuunding 
ligaments, which in some cases holds the bones firmly tc^ether, no 
matter what their relative positions may be. This can be well seen 
in the knee-joint, in which a comparatively small number of the 
ligaments suffice to keep the articular surfaces in contact. (3.) The 
atmospheric pressure also tends to hold the bones in close apposi- 
tion, as may be seen in the hip-joint, which is not easily disarticu- 
late^ even w*hen all the surrounding structures and the ligaments 
have been severed. 

The synovial joints may be classified according to the form of 
their surfaces, or their mode of motion, as follows : — 

1. Flat articular surfaces held together by a 8hr)rt rigid capsule 

allowing of but very slight gliding movement ; examples of this form 
of joint are to be found in the tarsus and the articular processes of 
the veztebrm. , 

2. Hinge joints, in wdiich the surfaces are so adapted that only one 
kind of motion can take place. A groove-like cavity in one bone 
fits closely and glides around the axis of a roller on the other bone, 
while the sides of the joint are kept tightly together by means of 
strong lateral ligaments. Examples of this form of joint arc to be 
found between the phalanges of the digits and at the humero-ulnar 
joint 

3. The rotatory hinge, or pivot joint, is that in which a part 
moves round the axis of a bone, instead of tbe axis of rotation 
being at right angles to both bones, forming the joint as in an ordi- 
nary hinge. Such joints ore seen at the liead of the radius and 
at the ar^culation between the atlas and the adontoid process of 
the axis. 

4. A saddle*shaped joint is a kind of double hinge, in which each 
of the two articulating bones form a partial socket and roller, and 
hence there are two axes of rotation placed more or less at right 
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angles one to the other. A good example of this kind of joint occurs 
between the thunih and one of the wrist bones. 

5. Spiral articulations are modifications of the hinge, in which 
the surface of the roller does not run “ true,” but becomes eccentric, 
so that the surface of the roller forms really a part of a spiral by 
means of which the bone articailating with it is forced away fiom 
the central axis of rotation and becomes jammed as if stopped by a 
wedge. The best example of this is the knee. In this joint the 
axis of rotation is near the posterior surfaces of the bones, and passes 
transversely tlirough the condyles of the femur, the surfaces of which 
form an arc, the centre for which corresponds to the axis of motion. 
In ordinary liexioii the head of the 
tibia moves on the arc aroimd the axis 
so as to i^artially relax the lateral liga- 
ment ami allow' of some rotation on 
the axis of the tibia. When the head 
of the tibia moves forwards, in exten- 
sion, it becomes wedged against the 
jinterior part of the articular surface 
of the femur, 'which presents an eccen- 
tric spiral-like curve, departing more 
and more from the centre of rotation 
;is the articular siuface of the tibia 
proceeds forw'ards. The effect of this 
is, tliat in extension of the leg the 
ligaments are made teust% and the 
hones are firmly locked* together. 

Owing tjjthe ineipiality betw^een the size of the internal and external 
condyles the axis of rotation is not at right angles to the axis of 
the femur, hut is at such an angle that extreme extension causes also 
a slight amount of outw'ard motion of the leg. 

6. In the hall and socke^ joints — the name of w'hich implies their 
mechanism — the most varied movemeiits occur. (Hip and shoulder.) 



Fig 10} —Diagram of the acticm ot 
the knee-joint. 

w =s articular surface of femur. 
h ss tibia in position of exteiuion. 

K = tibm in position of flexion. 

< = c^trc of rotation. 


Standino. 

In order that an elongated rigid body may stand upright it is only 
necessary that a line drawn vertically througli its centre of gravity 
should pass within its hoisis nf «upj>ort, and if the latter be sufficiently 
wide the object will remain permanently in that position. The 
human hotly is, however, in the first place jiot rigid, and in the 
second place the basis of suppori is too small to cnsiure a satisfactoiy 



400 


MANUAL OF PHTSIOLOGT. 


degree of steadiness. The act of standing must, therefore, be accom- 
plished by the action of certain muscles, which are employed in pre- 
venting the different joints from collapsing, and in so balancing the 
varioos parts of the l^y as to keep the whole frame from toppling 
over. 

In Older to economise muscular energy while standing, we must 
lock as many of our joints as possible, and thus depend rather on 
the passive ligaments than upon muscle action for the rigidity of the 
body. With this object we are taught to place the heels together, 
turn out the toes, bring the legs parallel by approximating them, and 
extending the knees to the utmost, to straighten and to throw back 
the trunk so as to render tense the anterior hip ligaments, to direct 
the face strai^t forwards so as to balance the head evenly, and to 
let the arms fall by the sides. 

In this position, as a soldier stands at attention, the knee and hip 
joints remain fixed, without any effort on the part of the muscles, 
but it is far firom being the most comfortable attitude one can assume 
for prolonged standing, and hence the position known best by the 
order “ stand at ease ” is adopted if more complete rest is desired. 
In this position the weight of the body is usually allowed to rest on 
one leg while the other lightly touches the ground to form a kind of 
stay and relieve the muscles which sunound the supporting ankle 
from too great an effort of balancing. At the same time the knee is 
extended and the pelvis becomes somewhat oblique so as to bring it 
more directly over the head of the femur. In ordinary easy stand- 
ing, the joints are not commonly kept locked ]»y the tension of the 
ligamentous structures, but their position is constantly being very 
slightly altered so as to vary the muscles enii)loyed in jireserving the 
balance and thus to prevent fatigue. 

The joints most exercised in the erect posture are the following : — 

1. The ankle has to support the weight of the entire body, while 
the joint is neither flexed nor extended to its utmost, and cannot 
be fixed in this position by ligamentous arrangements. The foot 
being placed on the groimd. resting on the heel and the balls of the 
great and little toes, is supported in an aich-like form by strong, 
though elastic, ligaments, which allow but little motion in the nume» 
Tous joints. The bones of the leg can move in the froest way, back- 
wards or forwards, aroimd the articular surface of the astragalus, which 
forms the roller of the hinge, any lateral motion of which is prevented 
by the malleoli. The line passing through the centre of gravity of 
the body generally fafis slightly in front of the axis of rotation of 
the ankle-joint, so that the entire body tends to fall forwards at the 
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oompletdy ehemd, and the body balanced by the powerful 
mmele$ of the thigh, 

3. In the hdp jomts^ which have to support the trunk andhead, the 
line of gravity falls just behind the line uniting the jomts when the 
person is perfeotly erect, so that here the body has a tendemy to 
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so that the line of gravity passes through or a little hebind tha 
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bending trunk forwards, 

Hie motions of which the pelws and mUbral column are capable 
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wedged in as it is between the two innominate bones, may be taken, 
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mechanism of etation. 
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but that in the antero-posterior direction is much the more impoitant, 
but even this wouhl l)e insi^niiicant were it not associated witli the 
movements between the other cervical vertehne. 

The cranium has then to be >>alance(l on the top of a flexible 
column, and rests immediately in a kind of socket, which can move 
as a double hinge around two axes at right angles one to the other. 
The verticid line from the centre of gravity of the cranium must 
vaiy with every forward, backward, or lateml movement of tin* 
liead or neck, but in the erect po^ture it passes a little in front of 
the axis of rotation of the athmto-occi]>ital joint and somewhat 
behind the cur>"e of tlie cervical vertebroe, so that the liead may he 
<aid to be poised on the a}>ex of the vertebral cohiinn, with some 
tendency to fall forwarcK. There are no ligamentous structures 
which can lock the joints ^o as to keep the head in the erect jiosition ; 
therefore without tlie aid of imi'^cular force the head will fall forwards 
or backwaids according to the position it is in when the muscles 
become relaxed as in sleep. 

From the foregoing f«»cts it will be seen that there exists a kind of 
cieordinated antagonism at work in ordinary easy standing which keeps 
the elastic pliable body upright, witlnmt the rigidity adopted wlnm 
sttmding “at attention.” The muscular acdifui more exercised 
when we are not on .steady giound and varied co-ordination becomes 
necessary ; for instance, when we go on board ship for the first time. 
Station then takes ‘«oine little time to become perfected, and requires 
new associations of movement. The g.istrocneniiiis and soleus relax 
the ankle in a degree,] u^t pro])ortionate to tlic amount of flexion of 
the knee peimitted ])v the (piadriceps e\ft‘nsor ciairis, while simultane- 
♦ m^ythe great gluteal niu^^cle allows the body to incline forwards 
si» as to keep its centre of gravity in the proper relation to tlie basis of 
support. 


WALKIN<f AND BuXNIXG. 

Tlie common ad of jjrogresdon i.*> accomjd island by poising the 
weight of the bo<ly alternately on one leg — called the supjiorting limb 
— and, with the oth(*r — the pendulous limb — tilting the liody for- 
wards out of equilibrium, and tlien swinging the latter limb forwards 
and placing it in front so as to prevent the Ixxly falling forw ftfds. In 
its turn this tlien becomes the siip}>orting leg. The swinging leg is 
descrilied as liaving two jihascs, (1) active wliile pushing off from 
the ground, and (2; ‘passive, wliile swinging forwards like a pen- 
dulum. In stalling, one foot is jdaced behind the other, so that the 
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line of gravity lies between the two, the hindmost limb having the 
ankle and knee a little bent. By suddenly straightening these 
joints it gives a push off with the toes and propels the body for- 
ward so as to move it around the axis of motion of the fixed or 
sup])Oi*ting ankle-joint. At the end of the swing, the i)endulous 
leg comes to the ground and leaves the other limb in the attitude 
ready for the push off. Thus on level ground walking is carried on 
•with but small muscular exercise ; but in ascending a steep incline 
or g<niig up stairs, the supx>orting limb has to elevate the body at 
each step by extending the knee and ankle joints by the thigh 
extensors and the calf muscles. 

liunnhuj is distinguished from walking by the fact that, while in 
the latter both feet rest f)n the ground for the greater part of each 
l^ace, in the former the time that either foot rests on the ground is 
reduced to a minimum, and in fact the sux)X)orting limb disappears* 
The legs are kept in a semi-fiexed position ready for the jiush off or 
sjiring, which is so forcibly carried out that the body is propelled 
through the air without any su]^x>oit. Thus an inteiwal — of greater or 
less duration according to the x>ace— exists dining •which both the feet 
are off the ground, as the moment either foot comes to the ground it 
executes a new siuing witlmut waiting for the swing 

described in •walking. 


B 
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CHAPTEE XXVII. 

VOICE AND SPEECH. 

The human voice is produced by an expiratory blast of air being 
forced through the narrow opening at the top of the windpipe called 
the glottis. This glottis, which lies in the lower part of Hie larynx, 
is bounded on each side by the edges of thin, elastic, membranous 
folds that project into the air-passages. These membranous folds, 
called the vocal cords, are set vibrating by the current of air from 
below, and in turn communicate their vibi*ations as sound to the air 
in the air-passages situated them. 


Anatomical Sketch. 

The vocal apparatus is really a musical instniincnt of the reed-pipe 
kind. If we compare^ it with the pipe of an oigan, we find all the 
parts of the latter represented. The lungs within the moving thorax 
act as the Mlows. The bronchi and trachea are the supply pipes and 
air box. The vocal cords are the vibrating tongues ; while the larynx, 
pharynx, mouth, and nose, act as the accessory or resonating i>ipe8. 
The blast of air is produced and regulated by the respiratory muscles ; 
and special intrinsic muscles of the larynx change the conditions of 
Ihe vocal cords so as to alter the pitch of the notes produced. Other 
sets of muscles, by altering the conditions of the resonating pipes, 
give rise to many modidcations in the vocal tones, and thus px^ucc 
what is called ^ech. 

The larynx, which may l)e reganled as the special organ of voice, 
is, in the^main, made up of four cartUages, viz., the cricoid, thyroid, 
and two arytenoids, jointed together so as to allow of considerable 
motion. Of these the inferior, the cricoid, is attached to the trachea 
which it joins to the others. It forms a ring, which is thin in front, but 
deep and thick behind, owing to a peculiar projection upwards of jls 
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posterior part The thyroid consists of two side wings so bent so os 
form the greater part of the anterior and lateral boundaries of the voice 
boX| and can be felt easily in the front of the throat. It is articulated 
to the sides of the cricoid by its two inferior and posterior extremities, 
so that the upper port of the 


cricoid cartilage can move 
backwards and forwards. The 
arytenoid cartilages are little 
three-sided pyramidal masses 
placed on the upper surface 
of the posterior part of the 
cricoid, to which they are 
attached by a loose joint. 
They are so placed that one 
surface looks inwards, the 
second backwards, and tlic 
third forwards and outwards, 
while the inferior surface rides 
on the cricoid. One point, 
therefore, looks forwards, and 
to it is attached tlie vocal cord 
on each side, hence it has 
been called the vocal ju’ocess. 
The apex, which looks out- 
wards and backwards, gives 
attachment to some of tlie 
intrinsic muscles and hence 
has hceu culled the muscular 



process. 

The thyroid cartilage is 
connected with the cricoid 
below, and to the hyoid bone 
above by ligaments and tough 
membranes, which hold the 
parts together, fill in the in- 
tervals, and complete the 
skeleton of the larynx. 

The vocal cords are composed 


Fig. 1 Antenor half of a transveroe section 

through the larynx near its middle. Horo 
is cut away on the upper part of the right 
side. 1. Upi)er di^'isiem of the laryng^ 
cavity; 2. Central portion ; S. Lower por- 
tion continued into 4, traeliea; e, epi- 
glottis; its cushion; I, th^Toid cartilage 

se^ in section, ri, true vocal cord at 
the rima glottidis ; ventricle of laiynx ; 
»' , saccule. (A. Thomson.) 


of small strands of elastic tissue, 


which are stretched between the anterior processes of the arytenoid 
cartilages and the inferior part of the thyroid, where they are attached 
side by side to the posterior surface of the angle formed by the junc^ 
tion of the two lateral parts or also of the thynnd. The mucous 
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laembmie whicli lines the larynx is thin, and closely adherent over 
the vocal conls. The surface of the laryngeal 
h cavity is Smooth and even, the lining membrane 

B passing over the cartilages and muscles so as to 

H obliterate all ridges except the vocal cords and 

n two others, less sharply defined, called the 

false vocal cords, wliich lie parallel to and 
Jm\ above tlie true vibrating cords. Between these 

is the cavity known as the ventricle of the 
^ ^ ^ hiiynx. 



Mechanism of Vocalisation. 

Taking the th 3 rroid cartilage as the fixed Ijase, 
the cricoid and arytenoid cartiLvges undergo 
movements which bring about two distinct sets 
of changes in the glottis and its elastic edges, 
namely, (1) widening and narrowing the open- 
ing ; (2) stretching and relaxing of the vocal 



cords. During onlinary rcNpiration the glottis 
remains about half o]>en, the muscles being in a 
state of relaxation (B'). During forced inspiration 
the glottis is widely dilat<Ml by muscular ac- 
tion (O'). If ail irritating gjxs be inspired, the 
glottis is tightly closeil by a spasmodic action of 
certain muscles, so that the true vocal cords act 
as a*kmd of valve. « 


Fig. IST.—Three dia- During vociilistition the glottis is fonned into 
pams from. ^ narrow chink with pur.dlel sides (A'), ^lile the 

of the raperior aper- coixls are made more or less tense, acconung to 
tore of the the pitch of the note to he produced ; both tliese 

changes being brought about by muscular action, 
and the arytenoid The opening of the chink of the glottis is ac- 
<5omplished chiefly by a muscle called the ])os- 
vene section duiin#? terior crico-arytenoid, which glasses from the 
actSoiui of posterior surface of tlie cricoid cartilage to the 
larynx. outer and posterior angle of the arytenoids. By 

^ ** ^ Prilling the latter iwiiit downwnrds and bock- 

n\ Xh easy qdiet inha- wards It separates the arytenoid cartilages, parti- 
inapixa- their ant<'rior extremity, where thecords 

'tkm. are* attached. In tills action they are aided by a 

small muscle connecting the |K)sterior surfaces of 
the arytenoid, namely, the posterior aiytenoid, which tends, when 
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the two arytenoid cartilages are held apart^ to rotate them so tliat 
the vocal processes are separated. 

The narrowing of the glottis is executed by the lateral crico-arytenoids 
which run upwards and backwards from the antero-lateral aspect of the 
cricoid to the muscular processes of the arytenoid cartilages. They pull 
the muscular processesforwards,attd thus rotate the arytenoid carnages 
so as to approximate the vocal i)rocesses to one another, while imy 



Fig, T)iagram of tlic 

Hide of the lal•>^lx 
Hho’tt’ing the iKmition of 
the vocal cordH (\ ). 

i Huxley.) 


Ar. Aiytenoid cartilage. 
Hy, Ilytud bone. 

Th. Tli>T§ld cartilage. 

Pr. C’ricoid cartilage. 

Tr, Tnichca. 

C.(k. Crieo-thyroid inusclc. 
Th - 1 . ThjTo - arytenoid 

rnuwclo. 

Jijf, Ei)iglotti8. 





Fig. — Diagram of the opcnii^ of the 

laiynx fnnn above. (Huxley.) 

Th. T1i>toi^ caitilage. 

< V. Cncoid cartilage. 

.Irv. 8up<*nor extremities of the aryte- 
noid cartibiges. 
r. Vot^l cords. 

7%.. 4. ThjTo-arj-tonoid muscles. 

/ .oJ. Tjateral crico-ar^lenoid muscle. 
i’.n.p. PuHtenur ericcHarytenoid muscle. 
Ar.i*. I'osterior arj’tcnoid muscle. 


tendency towards pulling apart the bodies of the cartikges, owing to 
the downward direction of the muscle, is overemae by the possterior 
arytenoid muscle and those muscular bands which pass fi*om the 
2)Osterior surface of the ai'ytenoi<l cartilages to tlie epiglottis and the 
upper imit of the thyroid cartilage, the external thyi'o-aiyt^noid, and 
the thyro-ary-ej)iglottic muscles (Henle), The other fibres, wliich 
pass directly from the arytenoid to tlie thyi-oid caitilages— internal 
and external thyro-arytenoid muscles — in the* same dii^ction as the 
vocal cords, complete the closure by helping to press together the 
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vocal fnoceaaes and hy approximating the cords tlxcmselyes. In 
spasmodic closure of the glottis, all these latter muscles act violently 
together, and have been group^ by Henle as the constrictor of the 
glottis. Belaxation of the vocal cords accompanies voluntary closure 
of the i^ottis, as in holding the breath, when the false vocal cords are 
said to have a valvular action. But the muscular hbres, which run 
from the arytenoid cartilages to the thyroid, nearly parallel to the 
true vocal cords, are those concerned in the act of relaxation when 
the cords are active. They pull fonvartls the aiytenoid cartilages, 
and at the same time draw tlie upper part of the cricoid slightly 
forwards. Moreover, these muscles have an all-im|)ortant action in 
adapting the edges of the cords and the neighbouring surfaces to the 
exact almpe most advantageous to their vibration. 

The stretcliing of the vocal conls is causeil by the contraction of 
one muscle, the ciioo-thjroid, which, on the outer side of the larynx, 
passes downwards and forwards from the lower part of the thyroid to 
the anterior part of the cricoid cartilage. It thus pulls the anterior 
part of the cricoid cartilage upwards, causing it to rotiite round an 
axis passing through its thyroid joints. The upper part of the 
cricoid^ which carries the arytenoids, is thus removed from the 
anterior attachment of the vocal cords, and the membranes are put 
on the stretch. 

The requirements necessary for the production of voice are the 
following : — 

1. Perfect elasticity and clearness of edge of the vocal coixls, and 
freedom from all suifftfe iiTegularity, such as would he caused by 
thick mucus adhering to them, or any abnormality. 

2. The cords must be very accurately adjusted, closely ^approxi- 
mated together, and kept parallel, almost touching each other evenly 
throtighont their entire length. 

3L The cords must he held in a certain degree of timsion, or the 
vibration does not produce any vocal tone, but simply a raucous 
noise. 

4. The air must be propelled through the glottis by nfwrceil expi- 
mribn. The normal expiratory current is too gentle to give the 
necemaxy vibration. After the operation of tracheotomy, the 
air escapes through the abnormal opening, and sufficient pressure 
cannot be«bronght to bear on the cords, so no vocal sound can be 
prodUiCed, and the person speaks in a whis]>er, unless the exit of 
air throng the trachwtomy tube is prevented by placing the finger 
temporarily upon the opening. 
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Peopeeties of the Humaij Voice. 

In the voice we can recognise the same properties as are noted in 
other kinds of sound. These are quality, pitch and intensity. 

(1.) The quality of vocal soimds is almost endless in variety, 
as is shown by the vocal capabilities of different individuals. The 
quality of tone of any musical sound depends uj)on the relative 
power of the fundamental note, and of the overtones tliat accompany 
it. The less disturbed the fundamental notes are by overtones, the 
clearer and better is the voice. This difference in quality of the 
human voice depends upon the perfectness of the elasticity, the 
relation of thickness to length, surface smoothness, and other phy*» 
sical conditions of the cords themselves, and the eMictitude with 
which the muscles can adapt the surfaces. For singing well, much 
more is necesstiry than good quality of tone, which is common 
enoiigli. The muscles of tlie larynx, thorax, and mouth must be aU 
educated to an extiaordinarily high degree. 

(2.) The pitch of the notes jjroduced in the laiyuix depends upon — 
first, the absolute length of the vocal cords. Tliis varies with age, 
particularly in males, whose vocal oigans undergo rapid growth at 
puberty, when the voice is wiid to crach Th(* vocal cords of women 
have been found by lueasuieinent to be about one-thiixl shorter 
than those of men, and i)eople with tenor voices have shorter cords 
than basses or baritones. Secondly, on the tension of the cords ; 
the tighter the vocal cordh are drau u by the crico-th}Toid muscles, 
the higher the notes pioduced ; and the weU-known singer Garcia 
believed he observed with \he laryngoscope the vocal processes so 
tightly pj'essed together as to iin]>ede the vibration of the i)08terior 
part of the cords, and by this iiuaiis they could he voluntarily 
shortened. 

(3.) Intemity or loudness of the voice depends solely on tlie strength 
of the cun'cnt of air. The 11101x3 poiverful the air-blast the greater 
amplitude of the vibrations, and hence the gn*ator the soiuid pro- 
duced. The nan-ower the chink t)f the glottis, imd the tighter the 
parallel cordh are stretched, the less is the amount of air and the 
weaker is the blast re([uir(*d to set them vibrating ; and ttce versdf 
the looser the cords and the wider ajiart they aiv, the greater tlie 
volume and the force of the air current necessary for their complete 
vibration. - Hence it is that an intense vibration or loutt note can 
be produced much more easily with notes of a high pitch than with 
very low notes, and we find singers choosing fol* their telling cnmnda 
some note high up in the range of tlieir voice. 
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The Immaa voice, including all kinds of voice, extends over about 
three and a-half octaves. Of tliis \ddt range a single individual can 
seldom sing more than two octaves. The soprano, alto, tenor, and 
bass forxning a descending series, the range of each one of which 
eonddexably overlaps the next in the scale. 

Doling the ordinary vocal sounds, the air, both in the resonating 
tubes above the larjTix and in the windpipes coming from below, 
is set ^dbrating, so that the trachea and bronchi act as resonators as 
Well as the phaiynx, mouth, &c. This may be recognised by placing 
the hand on the thornx, when a distinct vibration is communicated 
from the chest vvalL Such tones jire, therefore, sjmken of as chest 
fiotes. Besides the chest tones of the ordinary voice, we can produce 
notes of a higher pitch and a different quality, which am called hea^l 
notes, since their production is not accompanied by any vibration of 
the chest wall. The physicid contrivance by means of which this 
falsetto voice is brought about is not very clearly made out. The 
following are the more probable views : — (1) It has l>een suggested 
that in f^setto only the thin edges of the coids vibrate, the internal 
thyro-an’tenoid muscles keeping the base of the cord fixed ; while with 
che^^t tones a gieater surface of the cord is brought into jday. (2) The 
cords are said to be wider apart in falsetto than in chest notes, and 
hence the trachea, &c., ceases to act as a resonator. (3) Or the cords 
may be arrange<l so that only one jjait of them, the anterior, can 
vibrate, and thus they act .as shortene*! cords, a ‘^htop” being phu etl 
on tlie point where the vibrations cease, by tin* internal thyro- 
aiy^noid muscle. » ^ 

The production of a falsetto voice is distinctly voluntary, and is 
probably dependent upon some muscular action in ininiediati^ relation 
to the cords, for it is alw.ays fissociated with a M^nsiition of muscular 
exertion in the laiyux as well as with changes tliat take place in the 
eonformation of the mouth and other resonating tubes. 

Nervous Mechanism of Voice. 

The nervous mechanism by means of wliich vocal sounds are pro- 
duced is among the most complexly co-ordinated actions that regulate 
muscular movements. 

like r^piration, vocalisation at first seems a simple voluntary 
act, Founds of vanous kinds being prcnluccd at tlie command of 
the will of the individual. Nti doubt the re^jnratory muscles, 
which w-ork the bellows of the \oice organ, are under the control of 
the will so long as the respiration is not interlered with. The mouth 
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and throat muscles which shape the resonating tube are also volun- 
tary. But the intrinsic muscles of the laiynx are only voluntary in 
a certain sense, while in another they are distinctly involuntary, as 
may be seen in spasm of the hirynx ; for they are, in part at least, 
controlled by impulses which arise at the organ of healing and p&ss 
to some co-ordinating centre, which arranges the finer muscular move- 
ments necessary to produce a certain note. When we sing any note 
stnick on a musical instrument, we set the expiratory, mouth, and 
general vocalising muscles in readiness for the proper aj»plication of 
the air blast by a voluntary act ; but the exact tuning of the vocal 
cords is accomplished in some measure reflexly by imi)iilse8 coming 
from the ear to a special co-ordinating centre, the education of which 
is commonly in advance of the volition centres, and therefore can 
only be controlled by the latter in persons si>ecially educated to 
music. Some persons who ciin sing a given note with promptness and 
exactitude without any effort, would find much difficulty in over- 
coming, by volition, the accuracy of this perfect reffex mechanism. 
In fact, a person with a good ear finds it ditticult to sing out of tune, 
even if he try. 

Though we feel that we have command over the pitch of our sound- 
producing organ, we owe much to the aid of our sound-appreciating 
orgjms and the nerve centres which they have in connection with 
them. 


SrnECH. 

The variations in vocid sounds Avhich give yise to speech are not 
j)roduccd in the larynx, but in the throat, mouth, and nose. When 
unacconq^nied by any vocal sound, speech only give*^ rise to a 
whisper; but when a vocal tune is* at the same time iiroduceil, 
we have the ordinary loud s^ieaking. Since vocal tones can only be 
produced by expiration, so we can only sjx*ak aloud by means of an 
expiratory current of air ; but an inspiratory current may be made 
to give rise to a kind of whisper. 

Sj^ecli is composed of two kinds of sounds, in one of which the 
sounds must be accompanied by a vocal tone, and are hence called 
“ vowels ; in the other no vocal tone is neceasary, but changes in 
fibipe take place in the resonating chambers, so as to give rise to 
noises called consonants. As the pronunciation of the couscaiants is 
usually accompanied by some vow’el sound, aiul fuHlier from the fact 
tliat the difference between the vowels is brought alxiut by changes 
in the shape of the moutli, the distinction Ixitux^en the two sets of 
sounds is rather aititicial than real. 
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Tbe production of the different vowel soundB depends upon such a 
change being brought about in the shape of the mouth cavitj and 
aperture, that a resonator with a different individual note is formed 
for each particular vowel. 

The sounds called consonants are caused by some check or impedi* 
ment being placed in tlie course of the blast of air issuing from the 
air-passages. Tliey may be classified, according to the part at which 
the obstruction occurs, as follows : — 

U Lahwhy when the narrowing takes place at the lips, as in pro- 
nouncing by p, fy r. 

Dmtahy when the tongue causes the obstruction by being pushed 
against the hard palate or the teeth, as in f, d, s, L 

3. GutturaUy when the posterior pail of the tongue moves towards 
the soft palate or phar^^nx, as in saying k, gh, chy r. 

Consonants may also be divided into different groups, according to 
the kind of movements which give rise to tliem. 

1. Explosives are produced by the sudden removal of the obstruction, 
as with p, dy h 

% Aspirates are continuous sounds caused by the passage of a cur- 
rent of air through a narrow opening, wliich may be at the lips, os in 
fy at the teeth as with s, or at the throat as in ch, 

3. Besouants are the sounds which re(;[uire some resonance of the 
vocal cords, and the air current is suddenly checked by closure of the 
lips, as in m, or the dental aj>erture as in n or ng. 

4. Vihraiorijy of which r is the example, nK^uires a peculiar vibration 
of the vocal cords, wlvle either the dental or the guttural aperture 
is partially closed. 



CHAPTER XXVIII. 

GENBKAL PHYSIOLOGY OP THE NERVOUS SYSTEM. 

Anatomical Sketch. 

The nervous eysteiu is the apparatus l>y which the distant parts 
of the body are kept in constant iclationship with one another, so 
tliat a change of state of any one organ is comnuinicated to and may 
set up corresponding changes in I'emote parts of the system. It is 
made up of two varieties of tissue, both of which possess 8j)ecial vital 
properties. The one, which is composed of thread-like strtmds of 
protoplasm — nerve —connect together the elements of the other 

group, the nerve corpxiecles^ which form either peripheral or 
central terminals. Nerve fibres are then simply special con- 
ducting agents, having at one extremity a S 2 )ecial terminal or nerve 
cell for sending impulses, and at the other extremity other cells for 
receiving the same. These terminal organs, iK'tween which the 
nerve fibres pass, are the agents which determine the direction the 
impulse is to travel along the nerve. The sending organ is some 
times at the peripheral end, of the nerve, aixl the receiver in the 
nerve centres, as in the case of an ordinary cutaneous nerve, which 
carries iiApulses from the skin U) the brain ; or these duties of 
the terminal organs may be reversed, as in the case of the nerves 
conveying impulses from the brain to the musc](*8. 

The former kind of nerves are called uffvrcnt or centripetal^ and 
the latter efferent or centrifugaL Nerves are caimble of carrying 
impulses in either direction, as lias been proved by cutting the 
afferent lingual and the efferent hyjK>glo8‘5al nerves and causing the 
proximal end of the former to unite with the distal end of the 
latter, which is distributed to the muscles of the tongue. When the 
union has taken place, ii stimulus applied on the afferent portion 
causes the muscles to move. 

Any piece of pix)topla8m can conduct impuls<»s, as is seen in the 
rapid transmission of an impulse in animals ai\\l textuitss which have 
no special conducting elements or nerve fibres. Thus in the hydra 
all the cells act as nerves, and in the higher animals on impulaei 
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prodncing a wave of contraction, can pass on from one muscle cell 
to the oUier directly, as is seen in the ureter, or in the frog’s lieart. 
The only essential part of a nervous conductor is a delicate proto- 
plasmic fibril. Single, thin, thread-like fibrils are commonly found 
carrying impulses in the nerve centres. But in the nerves distri- 
buted about the liody one does not meet these single protoplasmic 
threads (except where the fibrils are interwoven to form terminal 
networks, as seen in the cornea), but the fibrils are clustered together 


in large bundles, so os to make 



Kg. aOO.—HigWy nmgnifled^ncw of thrc#' 
medoUat^ and two non-medulktoil 
nesvQ fibres ol frog, stained with 
osmic acid, which makes the medul- 
lary sheath black. 

nr.— Nodes of Banvier— where the axM 
cylinder can be seen to pass the gap in 
the mednllary sheath. 


one nerve fibre. This bundle of 



Fig. 201. — Transverse section of 
nerve fibres, showing the axis 
c>linderH cut across, and looking 
Lke dots surrounded by a clear 
zone, whiih is the medullary 
sheath. Fine connective tissue 
separates the fibres into bundles. 


protoplasmic fibrils is, in the peripheral nen’es, always covered, and 
is called the axis cylinder of the nerve fibre. In some nerve fibres 
there is but one very thin transparent covering, termed the primitive 
ikeathf whOe in others there is a thick layer of doubly-refracting 
finid inside the primitive Kheath, in immediate contact with the 
fibrils of tile axis cylimlcr. This is called the medullary ikeathf or 
white substance of ^hwann, because its ]>eculiar re&active properties 
make it look white when viewed in a direct light, Acc^ing as 
the nerves have or have not this medullary sheath, th^ have heex^ 
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termed white ” or “ grey/^ The former are by far the most plen-* 
tiful, since they make np the greater part of the ordinary nerves, 
while the grey fibres only predominate in the S3anpathetic nerve and 
its ramifications and paits of the special sense organs. 

An ordinary nerve, then, is made up of a large number of fibres, 
held together by connective tissue, and each of the fibres contains a 
vast number of fibiils within its sheath. 

Functional Classification. 

Nerve fibres may be classified according to their function, in the 
following way : — 

I. Afferent those which bear impulses from the surface to 

the nervous centres. These may be further divided into : 

(a.) Sensory ncrres^ when the impulse they convey gives rise to a 

perception.” The perceptions may be the special sensations which 
are transmitted from the organs of special sense, or those of general 
sensation, giving rise to pleasure or pain. 

(h.) Bcflex nerves, which communicate the impure to some other 
nerve elements, and thus give rise to some new forces, without any 
perception of the stimulus. According to the result of the excitation 
resulting from their reflected impulse they are termed-excito-motor, 
excito-secretory, and excito-inhibitoiy, &c. 

(c.) Those nen’es which act both os sensory and reflex nerves ; 
these are the most numerous, the sensory or reflex action depending 
upon the condition of the nerve centres, 

II. Efferent ric/w«, which ^airy impulses from the centres to the 
various oigans throughout the body. According to the effect their 
excitatiofl produces they are teimed : (o) motor, going to muscles 
and causing them to contract ; O) secretory, the stimulation of which 
calls forth the activity of a gland ; (y) inhibitory, when they check or 
prevent some activity by the impulses which they cany ; (b) t*aso-niofor 
nerves, which regulate the contraction of the mu’^cular coat of the 
blood-vessels; (c) trophic, thermic, electric nerves are also to be 
named, the two fonner l)eing of doubtful existence, and the latter 
being only found in those animals which are capable of emitting elec- 
tric discharges, such as the electric fishes. 

III. Intercentral nerves are those which act as bonds of union be- 
tween the several ganglion cells of the nervous centres, which are con- 
nected, in the most elaborate manner, one with the other. As the 
tenninals of these fibres are both probably receiving and directing 
agents, the delicate strands of protoplasm communicating between 
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pvatutUy imfmlfles in different directiomi^ but thi« 
we een ham m definite idea, although sudklt supposiHon would eld 
tie in fomitig a mental pictoze of manneildn which the wonder* 
fuUy complete intercentnd eonuniuiications are accompUshed, 

Mods os Isvestioatiok, 

In Older to investigate the functions of the different nerves a 
knowledge of their central connections and their peripheral distri* 
bution is necessaiy. But anatomical knowledge, however perfect, 
does not convey on adequate notion of their function, as may be amply 
seen from deductions made by anatomists, many of which have not 
borne experimental tests. 

The procedure adopted in testing the function of a nerve is the 
following. The nerve is exposed and cut, and it is observed whether 
there be any loss of sensation or muscular paralysis in the part to 
which it passes. The cut ends are then stimulated, and the results 
are observed. The end of the part connected witli the centres is 
spoken of as the central or proximal end, and that belonging to the 
part leading to the distribution of the nerve, is called the peripheral 
or distal end. If the nerve be purely motor, stimulation of the 
proximal end will yield no result, but when the distal end be irri* 
toted, active movements follow. If, on the other hand, it be a 
sensoiy nerve, stimulation of the distal end gives no result, and that 
of the proximal end produces signs of pain. In a compound nerve 
some response is obtained when either the distal or proximal end is 
irritated. * 


Chemistry op Nerve Fibres. 

The axis cylinder of nerves is probably composed, os already men- 
tioned, of protoplasm ; further tlian that nothing is known of its 
Ghemi^ properties. The medullary sheath yields certain substances 
wbidi are related to the fats, and can be extracted with ether and 
dilostffcm. Among these is the peculiar compound nitrogenous 
ledthiii containing pho<q)horuH, also cholesterin, cerebr^ and 
kieadm 


^ Elbctrio Pbopertibs of Nerves. 

Like muade, nerves may be regarded as having a state of rest and 
a state of aetiidly, but the two states are not obvious in the same 
way as they lue in muscle, nor do we know mudi of the 
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physical properties of nerve. While at rest, however, it shows 
electric phenomena similar to those which have already been de- 
scribed as belonging t© miiade tissue. These electrical currents 
are contemporaneous with the life of the nerve, and they undergo 
the same variation as occurs in muscle when the nerve x^asses into 
the active state ; that is, when it transmits an imx>ulse. 

The so-called nninral current of nerve is practically the same as 
that of muscle, passing in the nerve to the central part from the cut 
extremities of the fibre ; that is to say, the current passes through the 
giilvanometer from the eh'ctrodt* applied to the middle of the nerve, 
to that ap])lied to the extremity. The electro-motive force of a 
small nerve, is much less than that of a muscle. In a frog’s sciatic 
it has b(*en e.stimated to be 0*02 of a Daniell celL The natural 
current of the frog’s nerve is said to increase in intensity in x>ropor- 
tion to tlie increase in temx^erature up to ubt)ut 20° C., after which it 
decrea.ses. 

Experiments on nerve currents must be carried on with all tlie 
precautions mentioned in speaking of muscle currents, and with the 
non-polarlsable electnuU s there figured (page 371). 


Thk Activp: St.\tk of Nkrve-Fibres. 

Nerves pass into a state of activity in response to a variety of 
stimuli; their changed condithm, however, cannot be readily re- 
cognized, because tlie only change we cun detect in the nerve is that 
in it.<< electric state, AVe .'^•un know, howe\er, when a nerve is 
conducting an im])ul.''e, if it be connected with its terminals. In the 
case of a •nerve bearing imx>ressions ir(»m the skin to the nerve 
centres, we get evidence of a sensation being felt, and when the nerve is 
motor — that is, bearing im]Hilses from the centres to the muscles, we 
judge of the state of activity of the nerve by means of the muscle 
contraction which it brings about. For all ordinarj' experimental 
purposes we use tlu: nerve of a frog with tlie muscle it supplies 
intact. This ncrve-iuuHch preparation is commonly made from 
the leg of a frog, the sciatic nerve being carefully i>repareil 
from the thigh, while the gastrocnemius is cut away from all its 
attachments excejit that to the femur, which is retained as a point of 
fixation. In fact, the same nietliod as is used for the indirect stimu- 
lation of muscle is employed for the study of the excitability of 
nerve-fibres. 


S E 
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Nerve Stimuli. 

Besides the nonual physiological impulse which comes ihim the 
celk in connection with the nerve fibres^ they may lie made to pass 
into the active state by a variety of stimuli^ differing little from 
those which ore found to affect muscle, when applied directly to that 
tissue. They may be enumerated as follows 

1. imtilafion. Almost any mechanical impulse, applied 
to any part of a nerve, causes its excitation. Tiic stimulus must have 
a certain degree of intensity, and have a definite, though it may be a 
very short, duration. If mechanical stimuli he fm^uently applied to 
a nerve in the same place, the irritability of the |)art is soon 
destroyed ; but if fiesh parts of the nerves l>e stimulated, at each 
blow nerve passes into a state of tetanus, as shown by the con- 
tiactiou of the muscle to which it is fiU]>plied. 

2. Chemical stimulation. First, must 1^ named diying of the fibre, 
whether this be caused by ordinary evapomtion, or facilitated with 
blotting paper, exposure over sulphuric acid, or the addition of 
solutions of high density, such as syrup, glycerine, or strong salt 
solution. Secondly, strong metallic salts or acids irritate nerves. 
Thirdly, alcohol and ether, and a solution of bile ; and lastly, even 
weak idkalis, except ammonia, which has no effect on nerve, although 
it acts on muscle when applied directly to that tissue. 

3. Thermic stimulation occurs when sudden changes are brought 
about apimoaching either of the extreme teiupc^ratures at which the 
nerve can act ; i,e,, near 5® or 60® C. * 

4. Electric stimulation is by^ far the most important for physio- 
logists, being the most delicate, most easily applied and regulated, 
and the least injurious to the nen'e tissue. A's was mentioned with 
respect to muscle, any sufficiently rapid ch.inge of intensity in an 
electric current passing through a nerve causes in it the molecular 
changes we call excitation, as evidenced by the muscle contracting, 
and tlie natural electric currents of the nerve undergoing variation. 
The less the absolute intensity of the current, the greater the effect 
tiny given change in intensity causes. The muscle of a nerve-muscle 
preparation contracts, when a weak constant current, say from a single 
small Daniel] cell, is suddenly allowed to pass through the nerve. 
This is* done by placing a part of the nerve in the circuit, 
which is made complete, by clofdng a key, when the stimula* 
tion is to be applied^ This form of stimulation is called a making 
shodc. While the cunent is allowed to ims thiough the nerve no 
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effect is produced if the battery be quite constant On breaking the 
circuit by opening the key the current suddenly ceai^es, and another 
contraction occurs, this is calle<l the breaking shoeh At each making 
and Ineaking of the constant current, a stimulus is applied to the 
nerve, and transmitted to the muscle, and it has been found that a 
weaker current suffices to bring about a contraction when applied to 
the nerve, than when it is applied to the muscle directly. 

If a strong constant current be allowed to pass through a con- 
siderable length of a nerve for some little time, and the circuit he 
then suddenly broken, instead of a single contraction tetanus of the 
muscle results. This breaking tetanus (Bitterns tetanus) is easily pro- 
duced when the positive pole or anode is next the muscle. Sometimes 
in particular conditions of the nerve, and with certain strengths of 
stimulation, a making tetanus also occui's, but more rarely and only 
when the negative pole is next the muscle. 

When a constant current, such as we get directly from a Daniell 
cell, is used, that part of the nerve between the stimulating points, 
through which the current passes is found not to be equally affected 
throughout its eutii-e length, but one single point is stimulated 
whence the impulse spreads. This may l>e the point where either 
of the poles is in contact with the nerve ; and iurther, a different 
pole starts from the stimulus, according os the circuit is made 
or broken. With a making slwch the stimulation takes place at 
the negative pole or cathode, and with a breaking shock at the positive 
pole or anode. That is to siiy the point where the current leaves the 
nerve is affected at the make^aml the point wljere the current enters 
the nerve is affected at the bimk of the current. 

It has^ilso lieen found tliat, other things being equal, the making 
shock is a i!ioi*e poAverful stimulus than the breaking shock ; i.e., a 
weak current will sooner cause a contraction when the circuit is made 
than when it is broken. 

This remarkable fact that the impulse stjirts from the anode in 
ii breaking shock is proved by means of the breaking tetanus jnst 
alluded to. It has been found that when tlie jwsitive pole or anode 
is next to the muscle the breaking tetanus lasts longer and is stronger 
than when the anode is placed at a greater distance from the muscle 
than the cathode ; and further, when the anode is lieyond the cathode 
section of the nerve in the intmpolar region, during stimqlatioii the 
tetanus stops it at once, because the point from which the stimulus 
comes is thereby cut off fioin tlie muscle. Section has no effect 
if the anode be next the muscle, tlie tetanus pioceeding in a normal 
way, only the inactive pole being cut away from tho muscle. 

B K 2 
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ThAt the Btimnlus occuta at the cathode in a making current may 
aUo be demonstanted by the iact that it takes a certain measurable 
time for the impulse to travel along the nerve. If then the cathode 
be placed far from the muscle and the anode near it, the contraction 
alter a breaking shock, when the stimulus starts fh>ni the anode, will 
occur sooner than that which follows the making, when the stimulus 
starts from the cathode, because the impulse lias a leas distance of 
nerve to traverse in the former case. 

In ordinary experiments on nerve, a constant current, ia, one 
coining directly from a battery, is seldom used, because there is no 
means of regulating or varying the strength of the stimulation, and it 
is not convenient to make and break the current in order to excite 
the tissue continuously. And further, the more rapid current 
induced in one coil of wire — the secondary coil — ^by the making or 
breaking of a current passing through another coil — the primary coil — 
is more effsetive and suitable for physiological purposes. The strength 
of the induced current being approximately in inverse proportion to the 
square of the distance between the two coils — ^moving the secondoiy 
away from the primary coil gives a ready means of varying and 
regulating the strength of the stimulus without any special care being 
devoted to the exact strength of the element used. 

DuBok Beymond*8 Inductorium is the instrument commonly used 
in physiological laboratories. In it the secondary coil can be moved 
away from the primary on a slide which is graduated, and the 
primary current may be made to pass through a magnetic inter- 
rupter so as to cause q rapid succession of breaks and makes, and 
thus give a series of stimulations one afteV another, which is necessaiy 
in order to produce tetanus. A drawing and further description of the 
instrument will be fonnd at p. 370. 

Yelocity of Nerve Force. 

It has already l^een stated that nerve fibres are capable of con- 
ducting impulses in either direction — from or to the nervous 
centres— the position and the character of the terminal organs 
determining the direction in which the nerve force usually travels. 
In the ordinary peripheral nerves there are generally both kinds — 
efferent and afferent fibres canying impulses in different directions 
without interfering with one another. 

When we reflect that the passage of an impulse along a nerve is 
haooi^ about hy a mMecular change in the axis cylinder, we ore at 
onee struck with the rapidity with which impressions are transmitted 
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from one part of the body to another. This nurprising velocity hi, 
however, only relatively great When we compare it with the 
velocity of the electric cuxxent or of light, we at once see how incom- 
parably slower the rate of nerve impulse is, and that it may, with more 
advantage, be compared with rates of motion commonly under our ob- 
servation. To take every-day examples : — nine metres per second 
is about as last as the quickest runner can accomplish his 100 yards ; 
race-horses can gallop about 15 metres a second for a mile or so ; a 
mail train at full spe^ travels at about 30 metres a second, and the 
velocity of nerve force has been estimated to be in cold-blooded 
animals 27 metres i^ev second ; and in man about 33 metres per sec. 
8o that the intercommunications between man’s brain and the various 
parts of his body only travel about the same rate as an express train, 
and about twice os fast as the quickest home can gallop. 

In order to measure the rate of transmission of nerve force, different 
methods may be employed ; the simplest of which is to make a muscle 
draw two curves one over the other, with a good myograph such as de- 
scribed in Chap. XVI., p.382,in one of which the stimulation is applied 
to the nerve close to the muscle, and in the other, as far as possible 
away from the muscle. The difference in length of the latent period, as 
estimated by the tuning-fork tracing, corresponds to the time the 
impulse has taken to travel along the part of the nerve between the 
two points of stimulation. 

Utilising tlie fact tliat the extent of deflexion of the needle of u 
galvanometer is in proportion to the duration of a current of known 
strength passing through it for a short time, an accurate measurement 
of the difference in time, of remote, and near or direct stimulation of 
a nervc|| may be made. By a special mechanism the time-measuring 
current is sent through the galvanometer at the same moment that 
the stimulating cunent goes through the nerve, and the instant the 
muscle begins to contract, it breaks the cun ent passing through the 
galvanometer, so that this tiine-meiisuriiig current lasts only from the 
moment when the nerve is stimulated until the muscle begins to 
contract. 


The Electric Change in Nerve. 

Negative Kanafion.— The natural current of a ueive, like that of 
muscle, imdergoes a diminution at the moment the nei^e is stimu- 
lated ; this is termed tlie negative variation. It occurs with any other 
form of stimulation as well os when an electric shock is used, so it is 
not dependent on an escape of the stimulating current. In the case of a 
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ungk 8tiiiiu]ati(m) the negative variation is so rapdly over — blasting 
onlj ^0005 sec., that the inertia of the needle of the galvanometer 
preventa the change in the current being indicated. In tetanus, how- 
ever, it inahes a decided impression on the galvanometric needle. 
The strength of the negative variation depends on the condition of 
the nerve and the strength of the stimulus ; being stronger when the 
nerve is fresh and irritable and has a good natural current, and 
when a strong stimulus is applied. 

The negative variation of the natural currents passes along the 
nerve from the point of stimulation in both directions, just as does 
the nerve impulse ; and with a galvanometer the electric change 
maj be traced frxm the nerve to the muscle. Moreover, it has 
hem made out that the negative variation travels along the nerve at 
just the same ^^elocity as the impulse does from the point of stimula- 
tion ; namely, about 27 metres per second ; and further, this rate is 
said to he influenced in the same way by the passage of a constant 
current through the nerve (to he presently described) as is the impulse 
derived from stimulus. Tliese pointo seem to lead to the belief that 
the nenre impulse and the negative variation are identical. This 
peculiar electric change and its accompanying impulse pass then 
along tlie nerves as a kind of wave of activity, the speed and the 
duraium of which we know to he 27 metres per sec. and *0005 of a 
sec. respectively ; the length of the wave W'e therefore calculate to 
he about 18 millimetres. 


• Electbotonlv. 

If the two poles leading to a galvanometer l>e ap])lie^ to the 
centre, and to the end of a nerve respectively, so as to indicate the 
natural current, and at the same time another part of the nerve Ije 
jdaeed in the circuit of a constant current from a hatteiy, when the 
drouit of the constant (now called polarising) current is <x»inpleted, 
a change ia found to take place in the natuiul current ; this is 
called eleetrotonui. Instead of the natural currents from the equator 
to the pole of the nei-ve, a current is found to pass through the 
entire length of the nerve in the same direction as the polarising 
cniTent from the battery. This electrotonic current is not propor- 
tional to the strength of the natural currents, and is to he recognised 
when the litter are no longer to he found. The electrotonic current 
is s tr o n g er with a strong polarising current, and is most marked in 
the imniediate neaghhoflrhood of the poles fading gradually away as 
one passes to the rmnoter ports of the nerve* The eleeUutonic state 
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is not to be attributed to an escape of the constant polarising current, 
because it decreases gradually with the waning of the physiological 
activity of the nerve, and ceases at the death of the nerve long before 
the tissue has lost its power of conducting electric curienta. More- 
over, it been shown that a ligature applied to the nerve so os to 
destroy its physiological continuity, but not its power of carrying 
electric currents, prevents the eleetrotonic current passing to the part 
of the nerve which is thus separated. 



Fig. 202 —Diagram to illiutrate Electxotosiai. 

w. jr'. Portioii of Nerve. <i. n'. Galvanometers, d. Battery irtm which polarising 
current can be sent into nerve by closing key k. The direction of the pola risi ng 
and electrotonic currents is igdirated by the sirou and is seoD to be the same. 

The condition of the portion of the ner\'e near the anode — positive 
pofe— is found to differ somewhat from that near the cathode — ^negative 
pole — and hence it is found convenient to spi^ak of the region of the 
anode being in the anelectrotmic, and tliat near the cathode being in 
the cateUctrotonic condition. A certain time is required for the produc- 
tion of anelectrotonus and catdectrotonusy a current of less duration 
than *0016 of a second being unable to bring about the change ; the 
negative variation is, therefore, over before the electrotonus has 
commenced. 


Ibritability of Kkrvk Fibres, , 

The irritability of ner\"es varies according to certain conditions 
and circumstances. While uninjured in tlie^body, the irritability of 
a nerve depends upon — 
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1. X perfect snpply of blood so as to bear to it tbe necessary quan- 
tity of new material as nutriment, and to carry off any injurious 
effete matters that may be produced by its molecular changes. 

2. A suitable amount of rest Prolonged activity causes fatigue 
and loss of irritability, no doubt from the same causes as were men- 
tioned as bringing a^ut fatigue in muscles. The chemical changes 
taking place in nerves, however, have not yet been made out with any 
degree of accuracy. 

3. Uninjured connection with the ner\’e centres. When a spinal 
nerve is cut, the part connected with the peii}di6ty ra]^dly 
undergoes degenerative changes which seem to depend uponlsulty 
nutritioai sinoe they are accompanied by stroetuial changes^-^stty 
degeneraticau This appears to commence in a very short time after 
the seetion-^^mmonly in about five days. The part of the werve 
remaining in direct connection with the cord, retains its irritability 
for a Tery much longer time. 

In the artificial stimulation, by means of electric shocks applied to 
the nerve of a cold-blooded animal, there are many minor conditions 
which have considerable infiuence on the irritability, as evidenced 
by the re{q>onBe given by the attached muscle to weak stimuli The 
more important of these are ; — 

1. Temperature changes. In the case of a frog’s nerve, a rise of 

temperatute to 30 — 40® C. causes an increase in its excitability. ALo 
a fall of temperature below zero tends to make tbe nerve more easily 
excited. Both these conditions have, however, a very fleeting effect, 
for the nerve soon dies at the temperatures named, and most probably 
the increased irritability is only to be tiAen as a hign of approaching 
death. It thus appears that a medium temixaatuFe is the optimum 
for nerve work. * 

2. The part of the nerve stimuhited, is also said to have some 
effect on the result of a given strength of stimulus. The further from 
the muscle, the more pow^erful the contraction produced, other things 
being equal. So that the impulse is supposed to gather force as it 
goes, as in the case of a falling body, ami hence has been spoken of 
as the a/valanche action of nerve impulse. 

3. A new section of the nen e is said to increase its irritability, as 
does, indeed, any slightly stimulating influence, such oa drying, and 
chemical or mechanical meddling of any kind. This increase in 
jrritability^probably depends upon injnnoiis changes going on in the 
nerve, as the influences just alluded to lead to complete loss of 
excitability if carried tt>o far. 

4. The most remarkable change in the excitability of a nerve, 
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iB that brought about by the action of a constant current passiiig 
through the nerve, bo as to Bet up the conditions just described as 
anelectrotonus and catelectrotonuB. (a) The irritability of the nerve 
is considerably increased in the region near the cathode, and it is 
notably diminished in the neighbourhood of the anode. 

0) The increase of irritability is in proportion to the intensity of the 
catelectrotonic state, and the decrease in proportion to the intensity 
of the anelectrotonus. Thus the increase is most marked in the 
immediate neighbourhood of the cathode, and fades with the distance 
from the negative pole ; and similarly, the decrease is strongest at 
the anode, and becomes less and less as it passes away from the 
positive pole. In the same way, in the part of the nerve between 
the two poles — the intrapolar region — the decrease and increase of 
iiTitability become less nuirked towards the middle point, between 
the cathode and the anode, so that here we find an unaffected jmrt, 
which has been called the indifferent imnt. 

It is a remarkable fact that this indifferent point is not always 
midway between the two poles, but deci eases its distance from the 


y 



Fig. 203.— Diagram flluBtiatiiig the variations of irritability of diflFerent parts ( 
nerve during the passage *of polarising cun-ents of varying strength through a 
portion of it. 

A = Anode ; » s Cathode ; ab = Intrapolar di«»tri('t ; </' = Effwjt of weak current. 
y 2 = Effect of medium current. y* = Effect of strong current. 

The degree of effect is shown by the distance of Uie cun es from the stiuight line. 
The part of curve below the line corresponds to that above to xnertMe of 

irritability. Where the curves cross tlie line is called the indifferent pdnt. W itb 
strong currents this approaches the cathode. (From Foster after FflOgcr.) 

cathode in proportion as the polarising current is made stronger. 
That is to say (y), with strong polarising currents the indifferent point 
is near the cathode (B) ; with weak currents itliesnoarthdanode(A) 
(Fig. 203). 

Besides becoming less irritable in proportion as the polarising 
current becomes more powerful (d), the anclectrotonic region of 
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the nem koes its alnlity to conduct impulfies, and may finally, with 
a wj atroUg current, even wlien aj^plied for a abort time, become 
quite incapable of conducting an impulse. 

If Ilia polarising current be noW opened, so as to stop its passage 
through the nerve, and remove the anelectrotonic and the catelectro- 
tenie states (r)i a kind of rebound occurs in the condition of both the 
alteiod regions, and the piirt which has just ceased to be catelectrotonic, 
and was, therefore, over-irritable, becomes, by a kind of negative 
modification, very much loweied in its irritability ; while on the 
oth^ hand, the anelectrotonic part, by a positive rebound, becomes 
more excitable them in its normal state. The rebound over the line of 
normal irritability lasts but a very short time ; but still, as we shull 
see presently, it is of greater duration than the passage of the negative 
variation along tlie nen e. 



9%. 904.— Disgxam fdanriiig tlie meaning of the tenne Meendtnff and descending carrentn. 
wed in speaking of the law of contraetioii. The end of the vertebral ooluinn, 
neiatift nerves, and calf muscles of the frog axe shown, while the arrows indicate 
the dinctiosi of the ascending current a, on the left, and the descending current 
9 , tm the right, according os the posittvepole c of tte battery is bdow or abo>e. 

4 

Law op Contbaction. 

XTpoii the foregoing*fiu;ts (a— c), and others already mentioned— 
the! the impulse etiirts in the nerve from different poles and with 
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different force, with a maJdng and a breaking idiock-*-depend8 the law 
of contraction, which would be difficult to understand without bearing 
in mind all these interesting points. 

It was found that, with the same strength of stimulation, not only 
were different degrees of contraction produced with making and break- 
ing shocks, but also that, other things being similar, a different result 
followed when the current was sent through the nerve in an upward 
direction (i.e., from the muscle), and when it was sent in a downward 
direction towards the muscle). The stimulating current is 
spoken of, in the former rase, as an ascending current, and in the 
latter as a descending current 

The following is a tabular view of the law of contraction : — 


As<'KM)lN(i Cl’RRKSlH | DkHCENDIXU CuBKEN'TS. 


Weak Stimulation. 


Make = Contxaction Make = Contractiun. 

Break = No responae. i Break = No ieq)oiiiie. 


Modium „ 


Strong’ 


Make = Contraction. i Make == Contraction. 

Break = Contraction | Break = Contraction. 

Make = No responw?. Make = Contraction. 

Break = Contraction Break = No response. 


To explain this law the following points must be kept in \iew 

1. In a breaking shock, it is the disajfpearayice of anelectrotonm 

which causes the stimulation. 

2. In a making shock it is the ajgyearance of catelectrotonus which 

causes the sthnnlation. 

3. Witl^ the same current the nudy is more powerful than the 

break, 

4. Anelectrotonus causes reduction of irritability and conductivity. 

5. Catelectrotonus cau8e.s increase of irritability. 

6. With ascending currents the part of the nerve next to the muscle 

is in a state of reduced functional activity (anelectrotonus). 

7. With descending currents the ]>art of the nerve next the muscle is 

in a state of exalted activity (catelectrotonus). 

8. The reduction or exaltation of activity is much greater with 

strong currents. 

That only making shocks cause contraction with very f^'eak cur- 
rents, simply depends on the greater efficacy of the entrance of 
catelectrotonus into the nen^e, which causes the making stimulation. 
That contxaction follows in all four coses, with me^um stimula- 
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tion, ift earplaiiied by assuming that the depression of the functional 
actiyity of the nerve is not sufficient to affect its conductivity. 

The want of response to a making shock, in the case of the strong 
descending current, depends upon the fact that the port of the nerve 
near the muscle, aroimd the anode, is in a state of lowered activity* 
and is, therefore, unable to conduct the impulse which has to pass 
throng this region from the cathode, where the stimulation takes 
place, in onler to reach the muscle. 

The absence of contraction at the breaking of a strong descending 
current, is caused by the same lowering of the conductivity of Uie 
nerve betu'een the point of stimulation and the muscle, bemuse at 
the cessation of strong catelectrotonus, the region near the cathode 
rebounds £rom exalted to depressed activity, and at the moment of 
stimulation the greater part of the iiitrapolar region is an 
electrotonic. 

The specific use of nerve fibi'es in the body of the higher 
animals may be thus briefly stated. Tliey form a means of extremely 
rapid intercommunication l)etween distant parts. The protoplasm 
of the axis cylinder has undergone a special modification, by which 
it is enabled to conduct im])ulses much more tptickly than ordinary 
protoplasm does. Even the most nearly>related substance, muscle 
tissue, transmits impulses abciUt tbiity times more slowly than a 
nerve fibre. A highly organised animal body, without nerve fibres, 
would be in a worse condition than a highly organised state uithout 
n telegraph or even a postal system. 


« 



S0S.**~‘YM(ile nerve radnige, coini>oMed of mniill capHulen, in which the hhusk mli** 
eyUoder of the nerve (a), sad («) luceti with many protophuniio unite. 

NSRTE C0RFUSCLJs;8 or Tirminals. 

These are the real itciors in the nen ous operations, while the fibres 
ire merely their means of communicating with one another. One 
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great set of terminals is placed on the surface of the body and is 
adapted to the reception of the various external influences which are 
broughtto bear on it from without byitssurroundings. These receivers 
of extrinsic stimuli are necessarily much varied so as to be capable 
of appreciating all the different kinds of stimulation present^ to 
them. They are either distributed over the entire surface so as to 
meet with general mechanical and thermic changes, or they ore 
further specialised for the reception of luminous, sonorous, odorous 
or gustatory impulses. In the latter cases the special terminals are 
collected into one part, and usually form complex organs, which will 
1)6 described presently in the chapters on the special senses. Another 
great set of terminals are placed in the deeper textures, when they 
act as local distributing agents ; such as the nerve plates on skeletal 
muscles, and the ganglionic networks in the wall of the intestine. 
In many instances, however, the exact mode of connection between 
the nerve and the i)rotoplnsm of the tissue elements, to which it bears 
impulses, has not been satisfactorily made out. In the remaining 
class of nerve tenuinala the cells are grouped together so as to form 
larger and smaller colonies, and more definitely deserve the name of 
nerve or ganglion cells. These are the central terminals, and are 
placed either in the cerehro-spinal axis, or in swellings of the nerv es 
called sporadic ganglia. 



Tig* 206 .->Hultipolar ceUs from the anterior grey colignn of the apinaloord of 
tile dog-fish (<i) lying in a texture ot fibrils; (6) prolongatiiMi from oeUs ; 
(e) nerve-fibres oat across. (Osdiat.) 
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Of ihmt nerve cells there are many varieties, all of vrhich have 
Ihe Mkmieg chaiaeterisdcs. The cells are of considerable sire 
and have laracesses branching off from them, by means of which 
thi^ eonmiiiiucate with the nerve fibres. These processes may 
be single or many, hence they are spoken of as ani,- bi-, or multi* 
polar cells, &c. Ihe nucleus is commonly very distinct, and contains 
a welLmarked nndeolns. The abundant protoplasm, which is usually 
contained in a delicate cell wall, is in direct connection with the axis 
cylinder of tlie nerve fibres, with which it communicates by means 
of thin strands of protoplasm that pass out from the cell by the pro- 
cesses. A delicate striation of the protoplasm may sometimes be 
recognised, indicating the' course of the nerve fibrils as they run into 
the oeUs from the processes. 


The Fonctioks of Nerve Cells. 

Any mass of living protoplasm, such as an amceba, can receive 
extrinsic impulses, which affect diiectly its conditions, and though 
the impression may 1)e very localised in its application, yet all the 
parts of the cell participate in the sensation, and probably take part 
in the resulting movement. 

Besides those acts of which we can recognise the cause, many 
others occur in an amooba which we are not able to tiace to any 
definite cause other than the energies derived from its special powers 
of assimilation. We say, then, that not only can an nniccba feel 
local stimulation, transmit the impulse to remoter parts of its body, 
and respond by movement to the stimulus, but, moreover, as the 
result of intrinsic processes of a chemical nature, it can initiate im- 
pulses which appear as motions, &c. We may conclude from this 
fact alone that automatic action is one of tlic vital properties of 
protoplasm. 

Now in the nerve centres we find, certainly in all the more com- 
plex animals, that each of these kinds of action is commonly distri- 
buted, so that different individual cells have each a different act to 
perfonn, and thus an important division of labour takes ]»]ace. The 
first aet is peifimned by a wonderfully e]al>oratc set of special organs 
adapted to the reception of the various extrinsic impulses or sensa- 
tions fixim without. Tlie excitation is then sent by nerve fibres to 
another great group of central nerve cells, which arc a])parently 
employed solely in receiving the stimuli from the ][>eripheral organs, 
and then distributing* the impulses to their neighbours, which can 
direet, modify, analyse, classify, re-distribute, or check the impulses, 
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80 that other nerve cells may have the least possiUe amount of 
trouble, and at the same time lose none of the advantage that is to 
be gained from the income derived from stimulus coming ^m 
without Connected with the last group is another, the nerve cells 
which lie out of the reach of the ordinary peripheral impulses, but 
are capable of developing within themselves energies, and can initiate 
impulses with no other aid than that of their nutrition and the 
chemical changes resulting from their assimilation. 

These impulses are distributed to the periplieral active tissues, 
muscles, glands, &c., probably through the medium of other sets of 
cells analogous to the last group situated in tlie nerve centres as well 
os to the local distributors which act as unirms between the other 
textures and the nerve fibres. 

The functions of these nerve cells which form centres of action 
may be classified thus : — 

1. Beflexion. Many nervous cells are capiible of reflecting an 
impulse mceived by an afferent nerve ; that is to say they send it by 
an effei^nt nerve to some active tissue, such as a muscle or gland. 
This kind of direction is spoken of as a simple refle^a actirm. For 
instance, if a grain of red i>epper be placed on the tongue, the 
stimulus soon travels from the peripheial receivbig terminal, dong 
an afferent nerve to its central terminal, which reflects the impulse 
to the efferent nerve, going to the salivary gland, and the result is 
an increased secretion of saliva. 

2. Co-ordination, There are but few reflex acts tliat do not require 
the co-operation of several cells, aud these work together in an 
orderly manner, the resuming activity being well aiTaiiged and 
usually ^dapted to some purpose. The first act of the receiving 
cells of this reflex centre must then be to distiibute and direct the 
impulse into those clionnels which lead to gi’oups of cells capable of 
sending impulses in an orderly and definite direction. This directing 
and arranging power is spoken of as co-ordinatio7i, and pi'obably is an 
attribute common to all nerve cells. 

3. Augmentation. Usually the force of the reflected efferent im- 
pulse bears a direct relation to the afiereut impulse as determined 
by the strength of the stimulus. Thus if the amount of i>epper on 
the tongue be much increased, not only is the flow of saliva greater, 
but the stimulus spreads from one central cell to another until the 
neighbouring centres are affected. Tims we often find the lachry- 
mal glands are also influenced by very strtnig stimulation of the 
tongue, and pour out their secretion, as is said, “ in sympathy ** with 
the mouth glands. But the amount of the afferent impulse is not 
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llie only fiustot in determining the amount of response to be reflected 
along tlie efiierent channels. Some nerve cells have a distinct power 
of increasing the amount of response to be given to a given stimulus. 
When an irritant falls near the laryngeal opening, a very different 
effect is produced, and the vastly greater response to an equal 
stimulus depends rather on the augmenting power of some central 
cells than upon any greater sensibility of the local mechanisms. 

4. Inhibition. — Under certain circumstances, such aspre-occupationr 
&C., which will be more fully explained presently, nerve cells with- 
hold the transmission of a stimulus, or lessen the impulse reflected 
so as to produce little or no effect, this is called inhibition^ 

5. Automatism.— Nerve cells are supposed to have the power of 
originating impulses; those carrying on operations which 
require to be of a more or less permanent kind, such as the closure 
of the sphincter muscles and the partial contraction of the muscle 
cells of the arteries. Automatic actions are sometimes spoken of as 
those that are continuous and those that undergo rhythmical changes. 
If carefully examined, however, most of the so-called constant auto- 
matic nervous actions will be found to show some traces of rhyth- 
mic relaxation. Nerve cells, with automatic properties, may be 
exercised in preventing reflex actions having their full effect, and 
thus they act os aids to the controlling part played by the reflex 
cells. And in the same way automatic cells may be influenced and 
even regulated by impulses coming from the periphery to reflex 
centres in the vicinity, which join forces with the automatic 
centre. Thus the act of respiration may be performed by pure 
automatism, and its centre supplies a good example of an auto- 
matic group of cells. As a matter of fact, however, the respirations 
are regulat^ by a reflex mechanism, the channels of vrhich reside in 
the vagus ner\'e. 

Moreover it is in the nerve cells that we must seek mental activity, 
under which term may be considered perception, volition, tliougbt, 
and memoiy. It is very difficult to allocate the due proportions of 
reflexion, co-ordination, augmentation, inhibition, automatism, &c., 
lequittte for the development of what we must call mental faculties, 
but there can he no doubt that the mind must be the resultant of a 
long series of external and internal excitations, modified by intrinsic 
influence, and acting upon innumerable groups and masses of nerve 
cells, the general outline of which has been rough-heu'n by here* 
dita^ tendency. 
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SPECIAL PHYSIOLOGY OP NERVES. 

Spinal Nerves. 

The thirty-one piirs of nerves which leave the vertebral canal by 
the openings between the vertebrae are called spinal nerves, in contra- 
distinction to the cranial nerves, which come out through the base of 
the skulL They are attached to the spinal marrow by two bands, 
the anterior and posterior roots,’* which unite together in the inter- 
vertebral canal to form the trunk of the nerve. Just befoi'e the 
junction of the two roots the posterior one is enhirged by a ganglionic 
swelling. 

The spinal nerves ai'e all mixed nerves,” that is to say, they 
contain Wh efferent and afferent fibres ; but these two sets of fibres 
run separately in the anterior and posterior roots of each nerve. The 
epiual neives are thus joined to the spinal maiTOw by two nervous 
cords, each one of which confhins only efierent or afferent channels. 
About seventy years ago Charles Bell discovered that the anterior 
roots carry the efferent fibres and the posterior the afferent Hence, 
the anterior ai*e commonly spoken of as the motor roots^ and the 
posterior as the semory roots of the spimil nerves. The experiment 
to shovr this difference is simple, but requires very delicate manipu- 
lation. If the anteiior roots of the nerves supplying the hind leg of 
a recently-killed frog be divided, the muscles of the limb are cut off 
from the centres in the spinal cord, and therefore the leg luings limply, 
and does not move if it is pinched when the frog is suspended ; whereas 
the limb on the sound side, upon which the anterior roots are intact, 
will move energetically when the motionless one is irritated. If the 
distal ends of the divided anteiior roots he stimulated, the muscles of 
the paralysed limb are thrown into action ; hut stimulation of the 
proximal end gives no result Further, if the webs of this frog 
be compared, the blood-vessels running across the transparent part of 
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the web cm the injured eide wiU be found to be fuller than those in 
the web of the other limb, but if the distal ends of the motor 
roots are stiinulated, the dilated blood-vessels return to their normal 
ealilxre. By these experiments we ore shown that, together with 
Sbres to the skeletal muscles, efferent fibres carrying impulses to the 
muscular walls of the vessels axe contained in the anterior roots of 
the s|unal nerves. 

The fact that when the leg on the side where the anterior roots 
have been severed is stimulate, moves the other, is sufficient to show 
that the sensory connections between its surface and the cord are 
not destroyed by cutting those anterior roots ; and we may conclude — 
taking the other facts just mentioned into account — that the afferent 
fibres are situated in the posterior roots. 

We can confirm this result by cutting the posterior roots on one side 
of a recently-killed frog, and repeating the stimulation of the feet. 

Pinching the limb whose posterior roots are cut, gives rise to no 
response, because the impulses cannot reach the spinal cord ; but 
stimulation of the sound foot causes obvious movements of both legs. 
This ^ows that the section of the posterior roots of one limb cuts 
off the afferent (sensory) communication on the side operated on, but 
that the efferent (motor) impulses can pass freely to the muscles, 
even when the posterior i*oots are divided, for the limb moves on 
pinching the other f(M)t. Further, if the proximal ends of the cut 
posterior roots be stimulated, motions are pro<luced showing that the 
centres in the spinal coni are influenced by the afferent impulses car- 
ried those posterior root<. On the other hand, if the distal ends 
of the cut roots be stimulated no movement results. 

It has been sometimes found that stimulation of the ant^or roots 
seemed to cause pain, as shown by the motion of other parts besides 
those to which this root was itself distributed ; and it was believed that 
some sensory fibres must run in the anterior roots. But it lias been 
rinee found that if the posterior roots be first cut these signs of pain 
are not shown when the anterior roots are stimulated. From this it 
has been concluded that the apimrent Bensory channels of the motor 
roots are nothing more than some sens(»Ty fibres which pass from the 
nerve trunk a little way up the motor root, and then turn l^ck and 
descend again to the junction of the roots, whence they pass along the 
posterior root to the cord. These fibres are named the recurrent 
sensory fitnes,’’ and the recurrent sensibility of the anterior roots is 
not n^arded as any serious departure from Belfs law. 

The course of the secretory, Ac., nerves probably follov's that of 
the motor channels at their exit from the coid. Their peripheral dis- 
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tribution, and that of the raao-motor nerres, are intimately con« 
nected with the sympathetic system, and will be considered further on 



fig. 206. — Section through spinal gangbon of a cat, diowinggangl.on cells intenqpersed 
between the fibres. (Low power. ) 


Of the function of the ganglia on the posterior roots of the spinal 
nerves but little is positively known. There is no eviflence of their 
being centres of reflex action, nor can they be shown to possess any 


marked automatic activity. From the fact 
that when a mixed nerve is divided the 
end cut oft from the ganglion degenerates 
after a few days, these ganglia are supposed 
to preside over the nutritions of the tissue 
of the nerve itself. And if the roots be 
cut, that fart of the ]>o8teiior root attached 
to the coni degenerates, while the piece 
connected with the ganglion is well nour- 
ished. This is not the case if the anterior 
root be divided, but, on the contrary, that 
portion next the coid is well nourished, 
while that going to join the posterior root 
is degenerated. 



It would thus appear that the trophic 
function of the ganglia is restricted to 
the sensory nerves, while the nutrition 
of the motor nerves is provided for by 
nervous centres situated higher up. 


Fig. 207.— Two cells from the 
formed seen under a bigh 
power, showbig the 
protoplasm hero and 
there retracted from the 
• eeU-wall. 
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ThB CBAKXil. KbBVES. 

Tho xi«rve8 which ^laas out through the foramina in the base of 
the ahull nraat be considered separately, as the function of each of 
them dbowi some peculiarity. Some are exclusively nerves of 
i^Mcial mse, and may be most conveniently describe when the 
apecial sense organs are under consideration. Some are simple, 
beix^ purely motor in func^on, while others are exceedingly com- 
plex, containing many kinds of fibrea They may be taken in the 
order of their functioiial relationships, motor and mixed. Those 
which relate to the special senses will be considered in future 
chapters. 


IIL— The Hoxor Oculi Nerve. 

The nerves of the third pair are the chief motor nerves of the eyes. 
They arise from the grey matter on the floor and roof of the aqueduct of 
Sylvius, and pass out of the brain substance near the pons from between 
the fibres of the peduncle, and then run between the posterior cerebral 
and superior cerebellar arteries. They pass into the orbits in two 
btanehes, and are distributed to the following orbital muscles : — (1) 
elevator of the eyelid ; (2) the superior, (3) inferior, and (4) internal 
recti, and (5) the inferior oblique. They also contain fibres which 
cany efferent impulses to the (1) circular muscle of the iris, and to 
the (2) dliaiy muscle. The latter branches reach the eye by a short 
twig hom the inferior oblique brand), which goes to the cilioiy 
ganglion, and thence enter the ciliary u^rves. 

Tlie action of the orbital muscles is, in the main, under the control 
of the will, though they afford good examples of peculiar co-ordina- 
tion and invoiuntaiy association of movements. The contraction of 
the pupil by the action of the circular muscle (sphincter pupilhe) is 
a bQat^ reflex act, the afferent impulse of which originates in the 
retina, passes along the optic nerves, and is transmitted, probably in 
the eotpom quadrigemina, to both the third nerves. The central 
nrtamnitlm of the third nerves must have an intimate connection with 
each other and with the optic nen^es, for the diminution in size 
of the pupQs follows acenrately the increase in intensity of the light 
to wMA even one of the xetinn is exposed. In retinal blindness and 
alter aediott of the optic nerve the pupil is dilated. The action of 
tile dHary Jnnsde may be said to be voluntary, since we can volun- 
tarily toca$ jam eyea for near or far objects. Contraction of the 
qdiincter pnpillss and of the internal rectus is associated with the 
I of tha cOianr muscle in accommodation. 
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Injury or disease of tlie third nerve within the cranium gives rise to ' 
the following group of phenomena : — (1.) Drooping of the upper lid 
(Ptosis). (2.) Fixation of the eye in the outer angle (Luscitas), (3.) 
Dilatation and immobility of pupil (Mydriasis). (4.) Inability to 
focus the eye for short distances. 

IV.— The Trochlear Nerve. 

This thin nervous filament arises under the Sylvian aqueduct, and 
j)asses into the superior oblique muscle, to which it carries voluntary 
impulses, which are involuntarily associated with those of the other 
muscles moving the eyeball. Paralysis of tliis muscle causes no veiy 
obvious impairment in the motions of the eyeball when the head is 
held straight, but it is accompanied by double vision, so there must 
be some displacement of the eye-ball. When the head is turned on 
one side the eye follows the position of the head instead of being held 
in its primary 2 >osition. In paralysis of this nerve a double image is 
seen only when looking downwards, and the image on the affected 
side is oblique and below that seen by the sound eye. 

VI.— The Abductor Nerve of the Eye. 

This arises in the floor of the fourth ventricle, and appears just below 
the pons Varolii. It is the motor nerve of the external rectus muscle 
of the eye. Paralysis or section of it causes internal squint. 

VII.— (PoRTio Dur.i() Motor Nerve of the Face. 

This n#rv 0 arises from a grey nucleus in the floor of the fourth 
ventricle. It passes with the otlier part of the seventh (portio mollis) 
or auditory nerve into the internal auditory meatus of the temporal 
bone. It first passes out towards the hiatus, and then turns at a 
right angle to form a knee-like swelling (geniculate ganglion)^ and 
then runs backwards along the top of the inner wall of the drum, 
and passing downwards through a special canal in the bone, comes 
out at the stylo-mastoid foramen, and finally spremls out on the side 
of the face. It is essentially an efferent nerve, being partly motor 
and partly secretory, though its connections have caused afferent 
functions to be ascribed to it. Its distribution may be thus briefly 
summarised 

i. Motor fibres, — (1.) To the muscles of the forehead, eyelids, nose, 
cheek, mouth, chin, outer ear, and the platysma, which may be grouped 
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togetlier as the muscles of expression. (2.) To some muscles of mas- 
ticationy Vu.| buccinator, posterior belly of digastric, and the stylo- 
hyoid— aD. the foregoing being supplied by external branches — 
while in the temporal bone it gives a bran^ to (3) the stapedius 
muscle, and also a branch from the geniculate ganglion named the 
great superficial petrosal nerve, which after a circuitous course is 
supplied to the elevator and azygos muscles of the x)alate and uvula. 

ii SecreUnry To the parotid gland by the small super- 

ficial petrosal nerve, which sends a branch to the otic gaugUon. 
whence the fibres pass to the auriculo-temporal nerve, and then on 
to the gland. (2.) To the sub-maxillary gland by the chorda tympaui, 
which after traversing the tympanum leaves the ear by a fissure at 
its anterior extremity, then joins the lingual branch of the fifth to 
separate from it and pass into the sub-maxillary ganglion which lies 
in close relation to the gland (compare figs. 64 and 65). 

iii Yaso-motor, or vaso-inhibitory influences, are cliiefly con- 
nected with the secretoii' function, since dilatation of the vessels of 
the glands accompanies the increased secretion that follows stimula- 
tion of the nerves going to the glands. 

iv. The following afferent impulses are said to travel along the 
track of the portio dura and its branches (1.) Special taste-sensa- 
tions, which are chiefly located in the chorda tympaui brancli, may be 
e]qplained by the branches of communication which pass from the 
trunk and petrous ganglion of the glosso-pharyngeal to the portio 
dura at its exit from the foramen, or by the connection in the drum 
of the ear between the tymjmnic brai|cli of the glosso-pharyngeul 
and the geniculate ganglion of the portio dura through the lesser 
Buperficial petrosal nerve. (2.) Ordinary sensations, which* are also 
located in the chorda tympani, are said to traverse tliis nerve in an 
afferent direction until it comes near the otic ganglion, when the 
aenaoiy fibres leave the chorda and pass to the inferior division of 
the fifth nerve through the otic ganglion. 

Injury of the facial nerve in any of the deeper parts of its course 
gives rise to the striking group of symptoms known as facial jiaralysis, 
the details of which are too long to be given here. Whenitis remem- 
bered that muscles aiding in expression, mastication, deglutition, 
bearing, smelling, and speaking, are paralysed, and that taste, salivaiy 
seeretioii, and possibly ordinaiy sensation are impaired, one can form 
some idea of complex pathological picture such a cose presents. 
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V.~N. Tbigbmihus, OB Trifacial Nerve. 

This nerve transmits both efferent and afferent impnlsesi which, 
however, are carried by two different strands of fibres. The motor 
part, which arises from a grey nucleus in the floor of the fourth ven- 
tricle, is much the smaller of the two, and has been compared to the 
anteiior root of a spinal nerve. The large sensory division springs 
from a very extensive tract, which can be traced from the pons Vatolii 
through the medulla to the lower limit of the olivary body, and on 
to the posterior cornua of the spinal marrow. This set of fibres has 
been likened to the posterior root of a spinal nerve, being some- 
what analogous to it in origin, function, and the fact that there is a 
large ganglion on it within the cranium. 

The distribution and peripheral connections of this nerve are some- 
what complicated, and should be carefully studied when the manifold 
functions of its branches are being considered. The various impulses 
conveyed by the tri-facial nerves may l)e thus enumerated : — 

i. — Efferent Fibres. 

1. Motor , — To the muscles of (1) mastication, viz., temporal mas- 
seters, both pterygoids, mylohyoid, and the anterior part of the 
digastrics ; (2) to the tensor muscle of the soft palate ; and (3) to 
the tensor tympani (4) In some animals (rabbit) nerve filaments 
also pass to the dilator muscle of the iris, reaching the eyeball by the 
ciliary ganglion. 

2. Secretory . — The efferen^impulses which stimulate the cells of the 
lachrymal gland to increas^ action, pass along the branches of the 
ophthalmic division of this nerve. 

3. Vaso-rmtor . — ^The nerves governing the muscles of the blood 
vessels of the eye, of the lower jaw, and of the mucous memlwane of 
the cheeks and gums. 

4. Trophic . — On account of the impairment of nutrition of the eye 
and the mucous membrane of the mouth, which occurs after injuiy 
of the fifth nerve, it is said to carry fibres which preside over the 
trophic arrangements of these parts. 

ii— A fferent Fibres. 

1. Sefiuory . — ^All three divisions of the tri-facial nerve may be said 
to terminate in cutaneous nerves, by which the ordinary sensory 
impulses are carried from — (1) the entire <«}kin of the face, and 
the anterior surface of the* eternal ear ; (2) from the extenud 
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auditory meatus ; (3) from the teeth and the periosteum of the jaws^ 
Ac.; (4) irimi the mucous memhrane lining ^e cheeks^ the floor ol 
the rnoudit and the anterior partof the tongue ; (5) &om the lining 
membrane of the nasal cavity ; (6) from the conj^mctiva, the ball of 
tlM eyoi and the orbit genen^y ; (7) and from the dura mater 
induding the tentorium. 

5, JSsBoto-tnotor. — Some of the flbies which have just been enu« 
merated as carrying ordinary sensory impressions, have special 
powms of exciting co-ordinated reflex motions. Thus the sensory 
fibres from the conjunctiva and its neighbouihood aie the afi'erent 
channels in the common reflex acts of winking and closing the eye- 
lids ; and the flbres from the nasal mucous membrane commonly 
excite the complexly co-ordinated invohmtary act of sneering. 

3. ExeUthiecretory, — In the same way, as in the case of reflex motion, 
secretion is tefiexly excited by the flbres which cany aflerent impulses 
to the medulla from the anterior part of the tongue, when the latter 
is strongly stimulated, and thus excite activity of the salivary secre- 
tion ; and severe stimulation of the mucous membrane of the nose or 
of the eye causes impulses to pass to the secretory centre of the 
lachrymal glands, which are fm^uently thus reflexly excited. 

Very intense stimulation of almost any of the aflerent nerves mny 
excite these reflex phenomena. Thus the most stoic person will experi- 
ence active secretions ot saliva and lachrymal fluid, as well as sjmis- 
niodic closure of the lids during the extraction of a tooth. Even the 
bold use of a blunt razor will cause the tears to flow down the cheeks, 
by sending excito-secretoiy impulses along the brandies of the inferior 
and superior maxillaiy division of this nrn e. 

4. Tactile impulses are a])preciated by the anterior part of the 
tongue with remarkable delicacy, and are conveyed by tii^ lingual 
brunch of the fifth nen-e ; and most of the cutaneous flbies aie al>o 
capable of receiving tactile stimulation. 

5. Taste. — ^The tastes that are appreciated by the anterior part and 
the edges of the tongue ore canied by flbres which lie in t]ie peripheral 
htanches of this nerve. These, however, probably belong chiefly, if 
not altogether, to the chorda t^niapani, and leave this lingual branch 
of the fifth to join the seventh nerve on their w'ay to the trunk of the 
glosso-phaiyngeaL 

These am four ganglia in close relation to the branches the fifth 
serve which have certain points of similarity, and may, therefore, be 
considered together, although their different positious show that they 
are enguged in the perfonnance of very different functions. 
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We have not yet been able to ascertain the value of these little 
points of junction of motori sensoxy, vaso-motoTi and secretory fibies/ 
because, so far, we are unable to attribute to the cells of the ganglia 
either reflecting or controlling action, or any automatic power. 

They all have efferent (motor and secretory) and afferent (sensory) 
connections with the nervous centres, and also connections with the 
main channels of the sympathetic nerves. These are spoken of as 
the roots of the ganglia. Their little branches are generally mixed 
nerves. 


The Ciliary or Ophthalmic Ganglion. 

This ganglion lies in the orbit. It has three roots, which come 
from — (1) the inferior oblique branch of the third ner\’^e, by a shoi*t 
slip, which forms the motor root ; (2) from the nasal branch of the 
ophthalmic division of the fifth, and from the carotid plexus of the 
sympathetic. The branches go mostly to the ball of the eye, and 
may be divided into those which are afferent and efferent. The 
afferent are only sensory branches, connecting the cornea and its 
neighbouring conjunctiva with the centres. The efferent, or motor 
fibres, are those that go to the dilator pupilloo (coming mostly from 
the sympathetic), and the vaso-motor fibros going to the choroid coat, 
iris, and the retina. 

The Sphenopalatine or Nasal Ganglion. 

This lies on the second division of the fifth nerv'e, from which it 
gets its sensory root. Its motor root comes from the seventh by the 
great si\|)erficial peti*osal nerve, and its symi>athetic root from the 
carotid plexus by the branch joining this nerve. These enter 
the ganglion together, and are commonly spoken of as the vidian 
nerve. Afferent (sensory) impulses, from the greater part of the 
nasal cavity, jmss through this ganglion. Its efferent branches are — 

(1) motor to the elevator of the soft jialate and the azygos mnilte ; 

(2) vaso-motor, which come from the synqiathetic ; and (3) secretoiy, 
which supi)ly the glands of the cheek, &c. 

Otic or Ear Ganglion. 

The otic ganglion lies imder the foramen ovale, where the inferior 
division of the fifth comes out cff the cranium. Its roots are — 
(1) motor ; and (2) sensory, from tlie inferior division of the fifth | 
and (3) sympathetic, made up of a couple of fine filaments from 
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pkmii^ ttound the menmgeal artery. By its branches it com* 
mimicate with the aeventh, chorda tympanic and sends filaments to 
the parotid gland. 


The SonMAEnAARY Oanoliok» 

This is on the hyoglossus muscle in close relation to the lingual 
huttieh of the fifth, fix)m which it gets a sensory root The chorda 
lympani passes to the ganglion, carrying efferent impulses through 
it to the gland. Its sympathetic branches come from the plexus 
around the facial artery. 

VIII.— The Glos6o-pharyxgeal Nerve. 

This nerve forms part of the eighth pair, springs from the floor of 
the fourth ventricle above the nucleus of the vagus. It is a mixed 
nerve, the functions of which may thus be classified. 

Afferent jihrei^ which are of various kinds, viz.: — 

(1.) SeMory fibres, carrying impulses from the anterior surface of 
the epiglottis, the base of the tongue, the soft palate, the tonsils, the 
Eustachian tube and tympanum. 

(2.) Exeito-motor, This nerve is a very important exciter of reflex 
movements in swallowing and vomiting, when a stimulus is applied 
to the glosso-palatine arcli. 

(3.) Excit(h$ecretonjy the stimulation of the back of the tongue gives 
rise to a copious flow of saliva by means of reflex action. 

(4) Teute sensations are, for the most ^rt, ciirried by this nerve ; 
th^ are conveyed from special nen^e-endings in the bock of the 
ton^e (see Taste). 

The efferent fitfres arc not so varied, being simply motor to the 
middle constrictor of the pharynx, the stylo-phaiyTigeus, the elevator 
of the soft palate, and the azygos uvula;. 

The Spinal Accessory Nerves. 

These also form part of the eighth pair of ner\^es, and arise from 
the oblong and the spinal marrow, as low down as the seventh cer* 
vical vertebra. The lower fibres leave the lateral columns at their 
posterior id^pect, and then run up between the denticulate ligament 
and the posterior roots of the spinal nen^es to enter the cianial 
cavity. On their way but of the cranium they divide into two parts, 
one of which becomes amalgamated with the vagus, and the other 
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paBfies down tlie side of the neck as the motor nerve of the stemo* 
mastoid and trapezius muscles. Physiologically, it may he com* 
pared with the anterior root of a spinal nerve, and the jmrt accessory 
to the vagus most probably supplies that nerve with most of its motor 
branches. 


The Vagus Nerve. 

The vagus arises from the lower part of the floor of the fourth 
ventricle, and has connections with many of the important groups of 
nerve cells in this neighbourhood. 

The functions of its widely-dibtribiited fibres may be thus briefly 
stated : — 

A. The Epfehest Fibbes may be divided into — 

1. Moior^nerve channels, going to a great portion of the alimentary 
tract and the air-passage ; the following muscles getting their motor 
supply from the branches of the vagus — the pharyngeal con- 
strictors, some of the muscles of the palate, the oesophagus, 
the stomach, and the greater part of the small intestine* Motor 
impulses also pass along the tmnk of the vagus — though leaving the 
cord by the roots of the accessory nerve—to the intrinsic muscles of 
the larynx ; these ftbi’es lie iu the inferior or recurrent laryngeal 
nerve except that to the crico-thyroid, which lies in the superior 
laryngeal branch. The tracheal muscle and the smooth muscle of 
the bronchial walls are also under the control of the pulmonary 
branches of the Viigus. 

2. Vasih'irwior Jibres are &id to be supplied to the stomach and 
small ii^estine. These fibres are probably derived Irom some of the 
numerous connections with the sympathetic. 

3. Inhibitory impulm of great impoitauce for the regulation of the 
forces of the circulation pass along the vngus to the ganglia of the 
heart. As already explaintnl in detail (see p, 224), these fibres are 
always acting, as shown by the fact that section of the vagi causes a 
considenible quickening of the heart-beat. On the other hand, if the 
distal end of the cut vagus be stimulated, the heart beats more 
slowly, and in some animals may come to a standstill in a condition 
of relaxation. 

B. The Afferent Fibres still more widely spread, are important 
lor the functions of the various viscera. They are * 

1, Seimry fibres carry impulses from the phiirynx, oesophagus, 
stomach, and intestine, and from the laiyn^J, tnichea, bronchi, and 
the lungs generally. TJie pneumonia which follows section of the 
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vagi depends oii*^(l) tlie removal of tha sensibilityi and the ease with 
which toeigii matters can enter the air-passages ; or (2) the violent 
breathliig necessary when the motor nerves of the larynx ore cut ; or 
Ihe iigniy of trophic or vaso-motor hives. 

2. ExoUo-motor nerves. There is no nerve that can he compared with 
the vagus in the variety of the reflex phenomena in which it partici- 
pates. Afferent flbres in this nerve cause spasm of the muscles of 
the thorax and govern the respiratory rhythm, and preside over the 
inhalation of the air and excite the expiratory muscles. Thus irri- 
tation of the mucous membrane at the root of the tongue, the folds 
of the epiglottis, larvmx, trachea, or bronchi, causes spasmodic flts of 
coughing. Irritation of the pharyngeal or the gastric flbres gives 
rbe, by reflex stimulation, to the act of vomiting. 

Stimulation of the proximal cut end of the trunk of the vagus 
causes inspiratory effort and cessation of the breathing movements in 
the position of inspiration. Stimulation of the centra cut end of the 
superior laryngeal branch, causes reflex spasm of the muscles of the 
larynx and a iixation of the expiratory muscles in the position of 
expiration. The fibres which regulate the respiratory rhythm consist 
of two sets, probably passing from the lungs to the inspiratory and 
expiratoiy centres, and causing each to act 1)efore its ordinary auto- 
matism would transmit any discharge of impulse to the thoracic 
muscles. 

In the laryngeal branches ore fibres which bear centrifugal impulses 
to the vaso-motor centres in the medulla, and excite the centres to 
iiction. These, which may be grouped with the excito-motor channels, 
iire spoken of as ** pressor** fibres, Irom tfie influence they exert upon 
the pressure of the blood in the arteries. 

3. ExciUhinhibitory fibres pass Irom the heart to the vaso-motor 
centre. Stimulation of these fibres, which take somewhat different 
courses in different animals, checks the tonic action of the vaso-motor 
centre, and greatly reduces the blood pressure. Hence these fibres 
form the depressor nerve. Its teniiinals in the heart are stimulated 

distension of that organ ; aud tiie vaso-motor centre is thereby 
i^bited, the arteries dilate and the blood pressure falls so that 
the over-filled heart can empty itself. 

4« ExcUo-seoretory fibres. Stimulation of the gastric endings of the 
vagus causes not only gastric, but also the salivary secretion, which 
occurs as a*precur8<w of gastric vomiting* 

Seetioii of both vagi in the neck causes the death of the animal 
within a day or two alter the operation, and the following changes 
may be observed while it lives : — 1. The heart-beat is much cxuicker 
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08 shown by the increased pnlse-fi^uency. 2. The rate of breathing 
is very much slower. 3. Deglutition is difiicult, the food easily 
passing into the air-passages tl^ough the insensitive larynjc. 

Section of the superior laryngeal nerves is followed by slight slow- 
ness of breathing, loss of sensibility in the larynx, entrance of food 
into the air-passages, chronic broncho-pneumonia, and death. 

Section of the inferior laryngeal nerves gives rise to the same final 
result, because the muscles of the larynx are paralysed, and closure 
of the glottis is impossible. A change in voice follows the section 
or injury of even one inferior laryngeal, as may often be seen in 
man from the effect of the pressure of an aneurism. 


IX. — Hypoglossal Nerve. 

This nerve appears in the furrow between the olivary body and 
the anterior pyramid, on a line with the anterior roots of the spinal 
nerves. It corresponds with the anterior roots in function, being 
a purely motor nerve. It bears impulses to the muscles of the tongue 
and the other muscles attached to the hyoid bone. 

Some sensory fibres lie in its descending branch, but these probably 
are derived from the vagus or trifacial ner\'e8, with which its branches 
inosculate. 

It is also said to contain the vaso-motor fibres of the tongue. 

Section of the nerves causes paralysis of the muscles of the tongue ; 
when this is unilateral, the tongue inclines to the injured side, while 
being protruded frf)m the ra^uth ; but while being dmwn in, it passes 
to the sound side. This is easily understood when it is borne in 
mind that the two acts depend upon the intrinsic muscles of the 
tongue, bringing about an elongation or shortening of the organ 
respectively. 



CHAPTER XXX. 

SPECIAL SENSES. 

It lias been pointed out that the sensory nerves receive impressions 
from without and carry the impulse thus excited more or less directly 
to certain nerve cells in the brain where it becomes a sensation. The 
afferent nerves are, then, the means by wMch the mind becomes 
acquainted with occumnccs in the outer world, as well as the chan- 
nels along which a variety of stimuli pass to nerve centres whence 
they are reflected to different organs and ports, without causing any 
definite sensation in the nerve cells of the sensorium. 

The ordinary sensory nerves are brought into such relationship to 
the surface that they are afiected by slight mechanical stimuli, which 
throw the nerve fibres into activity, and send impulses to the brain. 
But we are capable of appreciating many other impressions besides 
mecbanical stimulation. We can distinguish between degrees of heat 
and cold, when the difference is far too slight to act as a direct nerve 
stimulus. We can apj)reciatc light, of •^hich no degree of intensity 
is capable of exciting a nen^e libre to its active state, or of stimu- 
lating an ordinary nerve cell in the least degree. We recognise the 
delicate air-vibrations called sound, which would have no effect on an 
ordinary nerve ending. We can aho distinguish several tastes ; and 
finally, we are conscious of the pre^enee of incomprehensibly small 
quantities of subtle odours floating in the air. When the amount of 
Ae substance is too small to be recognised even by spectrum 
analysis, which dete<‘ts extraordinarily minute quantities, we can 
perceive an odour by our olfactory organs. 

There must then l>e a special apparatus for the reception of each of 
these specif impressions in order that the nervous system be ac- 
cessible to such slender influences. In fact special mechanisms 
must exist by means of which heat, fight, sound, tastes, and odour 
ate enabled to act ^ nerve stimuli These peculiar nerve 
tenniniils are Imown as the special sense organs, the physiology of 
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which is onte of the most difficult and most interesting branches of 
study in Biological Science. 

The nerves which cany the impulses from the various organs of 
special sense do not differ from other nervous cords, so far os their 
structure and capabilities are concerned. But besides their special 
end organs they are connected with nerve cells in the brain, the sole 
duty of which is to receive impulses from one of the special sense 
organs and convert the same into a special sensation. No matter 
by what means a nerve trunk from a special sense organ be stimu* 
lated, the impulse excites in the sensorium the sensation usually 
arising from stimulation of the special organ to which it belongs. 
Thus electric stimulation of nerves in the tongue causes a certain taste ; 
mechanical or other stimulation of the optic nerve- trunk gives rise to 
the sensation of flashes of light, and a persistent odour may be caused 
by the presence of a bony growth, pressing upon the ol&ctory nerve. 

The capability of the nerve centres connected with the nerves of 
special sense to give rise invaiiably to a special sensation, is called 
their ipec\fic energy. And the special influence, light, sound, &c., 
which alone suffices to excite the special peripheral terminal, and 
which the given terminal alone can convert into a nerve stimulus, 
maybe called its specific or adequate stinmlm. 

Although we habitually refer the sensation to the surface where the 
stimulus is aj^plied, as if we really felt with our skin, and recognised 
sound sensations with our ears, &c., the sensation only occurs in the 
centres in the brain. This is obvious from what has been already said 
of the nerve-flbres of the special sense organs, namely, that if a stimulus 
be applied to the nerve truni? the same sensation is produced as if the 
speciflc simulation liad operated on the special nerve tenninal from 
which these fibres habitually carried impressions. This peripheral 
localisation of sensations is really accomplished in the mind, just as 
by a mental act of a differont character, the impressions com- 
municated by the eve are projected into the space about us in our 
thoughts, instead of being referred to the retina, or thought of as being 
produced in the eye itselJf. This power of the centres of the sensorium 
to localise impressions to certain points of the skin, and to project 
into space the stimulation caused by the light reflected from distant 
objects, so as to get a distinct and accurate idea of their position, is 
the result of experience and habit, which tench each indiijidual that 
when a certain sensation is produced, it means the stimulation of a 
certain point of the skin, and that the objects we see are not in our 
eyes, where the impulse starts, but at some distance from us. We 
learn this from a long series of unconscious experiments earned 
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on in our early youth by movements of the eyes with cooperation of 
the hands. Even the sensations which arise in the various centres of 
the sensorium, as the result of internal or central excitations, are 
from habit attributed to external influences, and thus we have 
various hallucinations and delusions, such as seeing objects or hearing 
sounds which only exist in the brain. 

The sensations produced in our nerve centres as the result of the 
afferent impulses coming from our special sense oi^gans give rise to a 
form of knowledge called perception; each perception or impulse 
causing an appreciable sensation, helping to make up our know* 
ledge of the outer world and of ourselves, for without this power 
of perception we could have no notion of our own existence and no 
ideas of our surroundings ; in fact we should be cut off from all 
sources of knowledge and be idiots by deprivation of all intelligence 
from without 

A complete special sense apparatus may then be said to be made 
up of the following parts : — 

1. A special nerve-ending only capable of being excited by a si3ecial 
adequate stimuhie. 

2. An afferent nerve to conduct the impulses from the special end* 
organ to the nerve*centre. 

3. Nerve cells forming a centre, which is capable by specific energy 
of translating the nerve impulse into a aenmtimu and which sensation 
is comnwnly referred to some local point of the peripheiy. 

4. Associated neive centres, capable of perceiving the sensations, 
forming notions thereon, and drawing conclusions, from the present 
and past perceptions, as to the intensity, ‘ position, quality, &c., of the 
external influence. 


Skin SENfeATioNs. 

The sensations aiising from the many impulses sent from the skin 
come under the head of special sense, and ai'e commonly grouped 
together under the name of the Sense of Touch, This special sense 
may, however, be resolved into a number of specific sensations, each 
of which might be considered as a distinct kind of feeling, but 
usually are regarded as simply giving different qualities to the 
sensation excited by the skin. These sensations are (1) TactUe 
M&ntaJlion^ or sensation proper, by means of which we appreciate a 
very gentie contact, and recognise the locality of stimulation, and 
judge of the podtion and form of bodies ; (2) the sense of pressure ; 
(3) and the sense of temperature. 



tatiety <it derived the euteneoiUi mah/o^ 

and the bQ!|^ extent snrifiiee capable dt taring impreestm, 
make the em the mmk indupensable of the epeelal sense 
though we value this source of our knowledge but Uttle. If we 
could not place our hands as feelers on near objects to investigate their 
surfiices, &c.,we should lose an important source of information that 
has contributed largely to our visual judgment. We think we know 
by the look of a thing what we originally learned by feeling it If 
our conjunctive did not feel, we should miss its prompt warning, 
and our voluntary movements could not protect our eyes from many 
unseen injuries that normally never trouble us. If the skin were 
senseless it would rccxuire constant mental effort to hold a pen, and 
our power of stauding and progressing would be most seriously im- 
paired. And how utterly 

cut off from the outer ^ ^ 

world should we be, were 

organs of the nerves of the 

skin are the simplest of all . ^ ^ c^oui 

those helonging to the ap- -Drawmg fma . »etH» of i»|.etad 

paratoe of special sense, >et (ikui,.l>owingtlueeptq»]ln,tiiscen<anaene 

we haveJjut a very imper- «mta^ a toctite c«p^ (a), irbMi » 

^ ^ connected with a meduUated nerve, and 

feet knowledge of their those at each side are occupied by yewete* 

immediate relationships to (Codiat ) 

the different qualities or 

varieties of touch impressions. We are familiar with several different 
nerve-endings which are special terminals adapted for the reception 
of certain kinds of impressions, but what kinds of stimuli affect the 
different teminals we do not accurately know. They may be thus 
enumetated 

1. The Toudhcofymscke (Heissner) are egg-shaped bodies ritoated 
in the papillm of the true skin, underlying directly the»epithd[ial 
cells of the rete mueosum. They occupy ahnost the entire papiQa. 
The nerve ffbres seem to be twisted around the corpuscle in a fipM 
manner, while the axis cylinders enter the body, and the coveri^ dt 
the nerve becomes amalgamated with its outer-wall. The tonefh* 
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oaij^Ui^ vuy in dm in diffisnat paito of the ddn ; usooUj lieing 
iMgW idioK i^e pafttUn in which they lie are wdl-developed. The 
enofc nede of en^ng of the axis cylinder is not satisfustorily 
tditasitoodi 

% Xnd-iuHbs (Krause) are smaller than the last and are l^ss 
gmmally distributed over the surface of the body, being localised to 
oertain parts. They are chiefly found in the conjunctiva and mucous 
membranes of the mouth and external generative organs. They con- 



a09.>*-BDd bulb from buxnan 
ooojiiiiotbrft, treated 'with osmic 
addyshowiiigcdbiofooie. (Long- 
iroirtli.} 

o, Nerve fibre; 5, nucleiia of 
dieatii ; e, nerve fibre mthm core ; 
d, cellB of core. 



Fig 210. ~ Tactfle 
corpuscle from the 
duck’stonguet con- 
taining tv^o tactile 
cells between which 
lies the tactile disc. 
(Icquierdo.) 


dot of a litUc vedcle containing fluid ifl which the axis cylindet.of a 
nme terminates, the membrane which forms the vesicle of the Wb 
bemg ihaed with the dieath of the nerve. Many different i^pes and 
TBiietiea of these bodies have been described, but there seems to be 
no very definite morphological or ]ibysiological distinctions between 
die different varieties. 

a TmuiireelU (Merkel) are foraid in the deeper layers of tire 
egid en aia of man as well as in the tongues of birds, they are huge 
eells with distinct nuclei and nndeoli. Frequently they are group^ 
tegdlMk in maMieB and surrounded by a kind of sheath of conneodvo 
diBiie t St which condition th^ reaemble toueh-corpusolea. 

4 Jbawenw-cndtfijFS occur on the anrCace of the epithelium of the 
anieoiHlSiembmneB,andare seenotttheautfeoeof thecumaa. Here 
ddieef4diigle sde^of nerve fibrils can be eeen after gold etdaing. 
pMdag heMraeii the fjpitheUal edle and ending at the siufkwe in very 
miiiidn l^fUfted poinfe cv knoha. 


CUTiiNBOITK ]BKX»lK6a 4AX 

Naked 3»erve*fib|ik have ako beea tzaced into the deeper hiym 
<tf the epidexuuB of the ekin, where they end among the soft ceUa of 
the mucouB layer^ either in branched cell*like bodies (Langerhatis)| ot 
delicate loops (Banvier). 

In the sul^ntaneouB ^t-tissue as well as in parts remote &om the sur- 
ftice are large bodies, easily visible to the nak^ eye, commonly called — 

5, Pacinian corpuscles. They ai*e ovoid bodies made up of a 
great number of concentrically arranged layers of material, of vary* 
ing consistence, with a collection of fluid in the centre in which an 
axis cylinder ends. There is no doubt that they are the terminals of 



Fig. 311 -^Drawing of tcrmmatioii of nerveH on the burfooe of the rabbit’s coniea. 
o, lifcive Abre of sub-opithelial network , Fine Abres entering epiUieUttm 
e, Ihtta-epithelial network. (Klein.) 

afferent nerves, hut if they belong to the sense of touch, w’hidh is 
doubtful, it is uuknowii to what special form of sensation they are 
devoted. From their comparatively remote relation to the lying 
some distance beneath it and not in it, as are the other endings 
mentioned — they are probably connected with the appreciation of 
pressure sensations rather than those more properly called tactile* 
The sense of touch must be carefully distiuguished from ordinary 
sensibility or the capability of feeling pain, virhich is not a spmal 
but a genercU sensation, and is received ftnd transmitted by 
toent nerve ehannels. This we jqiow fipom the facts, that 
mucous pamges in general can leocnve and transmit painful 
not tactile impressions, and that in the spinal cord the sensory und 
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tadlb pass along dii^et tracts. Fnztliari c^rtam iiaxcotle 

pdaoua deatn^ ordinary sensation without removing the senee of 
toudi* This effect is also brought about by cold^ when for ijurtsnce 
file fiagers are benumbed^ gentle contact exdtes tactile impressicsis^ 
while the ordinary sensations of pain can only be aroused with 
dBficttIty even by severe pressure. 

However, most of the nerves we are in the habit of calling sensory 
nerves convey tactile impressions, and speaking generally tbe parts 
of the outer skin which have the keenest tactile sense are also the 
most ready to excite feelings of pain. 

The intensity of the stimulation for the sense of touch must be 
kept within certain limits in order that it be adequate^ Le,, capable of 
exciting the specific mental perceptions. If the stimulus exceed 
these limits^ only a general impression, namely that of pain, is 
produced. 

The power of forming judgments by feeling an object differs very 
much in different ports of the body, being generally most keen where 
the suifSace is richest in touch corpuscles, namely, the palmar aspect 
of the hands and feet, and especially the finger-tips, the tongue, the 
lips, and the face. 

'Wlien we feel a thing in order to learn its properties, we make use 
of all the qualities of which our sense of touch is made up. We 
estimate the number of points at which it impinges on our finger- 
tip, we rub it to judge of smoothness, we press it to find out its 
hardness, and at the same time we gain some knowledge of its 
temperature and power of absorbing heat. 

To get a clear idea of our complex s^nse of touch we must consider 
each of the different kinds of impressions separately. ^ 

SE27SE OF LoCALITT. 

Sy this is meant our power of judging the exact position of any 
point or points of contact which may be applied to the skin. 
TUxm if the point of a pin be gently laid on a sensitive part of the 
iddn we know st once when we are touched, and if a second pin be 
i^piUiad in the same neighbourhood, we feel the two points of contact 
0^ cm judge of their distance from one another their relative 
postUott* IK^en we fed a body we receive impulses from many 
pdnts of oontict bearing vaiiedrelo^ to each otfaei^ and thus 
we hooenne ccmckm of a rough or a omooth snifsee. 

Tim dridesc^cf the seism locally very mneh in diffeient 
postsef the deb. It is most aceusate in those ports which hate 



TAcmE ixpraasioKSL 4fiS 

Immsi wad u tonoh odgaai duiing the dinr erdotion of tiba aoiiiMd 

The method of testing the delicacy of the e^ise of locality is 
simply to apply the two points of a compass to the diflleirent parts 
of the akini and by varying their position, experimentally, detei^ 
inine the nearest distance at whidi the two points give rise to dis- 
tinct sensations. The following precautions must be attended to in 
canying out this experiment. 1. The points must be simuitaiieoualy 
applied or the two distinct sensations will be produced even at very 
close distances. 2. The force with which the points axe applied 
must be equal and minimal, because excessive pressure causes a diffu* 
sion of the stimulus and a blurring of the tactile sense. 3. Com- 
mencing with greater and gradually reducing the distance of the 
points enables a person to appreciate a less separation than if the 
smaller distances were used at first. 4. The duration of the 
stimulus; two points of contact being distinguished at a much 
nearer distance if the points be allowed to rest on the part, than 
when they are only applied for a moment. 5. The temperature and 
material of the points should be the same. ,6. Moisture of the 
surface makes it more sensitive. 7. Previous or neighbouxing 
stimulation takes from the accuracy of the sensations produced. 8. 
The temperature of the different ports of the skin should be equal, 
as cold impairs its sensibility. 

The following table gives approximately the nearest distances at 
which some parts, which may be taken as examples of the most and 
least sensitive regions of the skin, can recognize the points of con- 
tact by their giving rise to twS distinct sensations : — 

•f ip of the tongue 1 mm. 

Palmar aspect of the middle finger-tip . 2 „ 

Tip of the nose 4 „ 

Back of the band 1^ >> 

Plantar surface of great toe . . . 18 „ 

Fore arm, anterior surface . . . 40 „ 

Front of thigh 55 „ 

Over ensiform cartilage . . . . 50 „ 

Between scapulas 70 „ 

If one point of the compass be applied to the same spo^md 
other moved around so as tomark out in different dixectionB the 
limit at which the points can be distingaished as separate, we get an 
area ot a eemewliat cireukr form, for which the name mmorp mreb 
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It would be vei 7 *oonv 6 iiieut to explain tliis on 
file fdmph eikiatoiiical bads that the impresdona of tl^ am w«re 
eaxddl one nerve-fibre to the brain, and thus but the one sm* 
eaUtMa ooidd be produced in tbe senaprium. But we know tbie 
ewiol be the true explanation, because of the following facts. 
1. Ifo such anatoxnical rdationship is known to exist 2* By pcao- 
tiee we can reduce the am of our sensoiy circles in a manner that 
conld not be explained by the development of new herve-fibies. 
3. If tbe two points of the compass be placed near the edges of two 
wdl«determined neighbouring sensoiy circles, and so in relation 
with the terminals of two nerve-fibres, they will not give distinct 
impresdons ; in fact they i^uire to be separated just as far as if 
they Were applied withiu the boundary of one of the circles where 
they idso give rise to the double perception. 

To explain better the sense of locality it has been supposed that 
sensory circles are made np of numerous small areas, forming a fine 
mosaic of Umchrfields^ each of which is supplied by one nerve-fibre, 
and that a certain number of these little fields must intervene between 
tbe stimulating points of the compasses in order that the 9enmi%m be 
able to recognize the two impulses as distiuct. For, although every 
toucli*field is supplied by a separate nerve-fibril which carries its 
impulses to the brain, and is therefore quite sensitive, the orrahge* 
meats in the sensoriuni axe such that tbe stimuli carried fxom two 
adjoining touch-fields arc confused into one sensation. Thus, when 
an edge is placed on our skin, we do not feel a series of points cor- 
responding to the individual fields with which it comes in contact, 
but the confudon of the stimuli gives rise to an uninterrupted 
sensation, and we have a right perception of the object torched. 

The Sxkse of Pbesscre. 

There seems to be a reason for separating the perception of differ- 
ences in the degree of pressure exercised by a bcdy from the simple 
tactile or local impression. If we support a port of the body so that 
no mnsenlar effort be called into play in the support of an increasing 
segrisi of weights placed upon the same area of skin, we can distin- 
giiUi fidlembly aceuxately between the different weights. It has 
beenloni^ tiiat if a weight of about 30 grammes be placed cm the 
skill a diference of about 1 gramme can be reccgnixcd-— that ii^ we can 
between ^ and 30 grammes, if they are applied so<m after 
oneanotbei^ If the weights employed are smaller, a less diffemee 
can be ddeeted ; if laiger weights are used the dtf erenoe mnet he 
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greater^ it?id it appears tliat tlie weiglit*dilSe]!<eiice always beats 
same proportion to tbe absoliite weight used* We oaa pete^y^ 
a di&renee between 71 and 7|, 14| and 15, 29 and 30, 58 and 49^^ 
&c*, the discriminating power decreasing in proportion as the abeoliito 
degree of stimulation increases. 

One of the reasons why the sense of locality is regarded as disiinet 
from that of pressure is that the latter is found not to be most keenly 
developed in the same ports wheie the impressions of locality are 
most acute. Thus judgment of pressure can be more accurately 
made with the skin of the fore-arm than the finger-tip, which is nine 
times more sensitive than the former to ordinary tactile impressioDS, 
and the skin of the abdomen has an accurate sense of pressure though 
deficient in ordinary tactile sensation. 

It has been said above that the weights by which pressure-sense 
is to be tested should be applied rapidly one after the other. This 
fact depends upon the share taken in the mental judgment by the 
function we call memory. In a short time the recollection of the 
impression passes away and tiiere no longer exists any sensation with 
wMch the new stimulation can be compared. 

At best we can form but imperfect juilgments of j)re88ttre by the 
skin impressions alone. When vre want to judge the weight of a 
body we poise it in the free hand, which is moved up and down so as 
to bring the muscles which elevate it into repeated action. Hereby 
we call into action a totally diffei^nt evidence, namely, the amount 
of muscle power required to raise the w'eight in question, and we 
find we can arrive at much more accurate conclusions by this means. 
The peculiar recognition qf how much muscular effort is expended 
is commonly spoken of as 'tmiscle^sensey w'hich may* arise from a 
knowledge of how mudi voluntary impulse is expended in exciting 
the muscles to action, but more probably it depends upon afferent 
impulses arriving at the sensorium from the muscles. By its means 
we aid the pressure-sense in arriving at accurate condusions of the 
weight of bodies, so that in the free hand ive can distinguish between 
39 gnu. and 40 gim. 


Tehpbratobb Sensk. 

We are able to judge of the differences in tempeiuture of bodies 
which come in contact with our skin. Since our sensations hm 
no accurate standard for comparison we ore unable to form any 
conception of the absolute temperature o^the substances we ML 
The sensation of heat or cold, derived from the ddn itsd^ wiHfc- 
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III Wiling iHito eoutact with An^rtibliig but njr of modeiate 
tenqpaiiuti^ vinitoi mscnj dt^^ufusiittiices, and because of these 
vaiiiilfaw ihb pmm of jud^eat of high or low teiupexatiire most 
be iaafisklbeL Ihe skin feels hot whm!i its blood-Tessels are full ; 
it &sll cold when they are oomparatiyely empty. Am whose 
teoqpcdliliixe is the same can thus gave the impxesdou of bdng hot or 
oold aeoordmg as the skin itself is full or empty of warm blood. 
But independent of any very material change in ^e blood-supply 
the eutaneous surface of a part, any change in the tempexatuie of its 
aurioiindings causes a sensation of change of temperature, which is, 
howeyer, a purely relatiye judgment. Ihus if the hand be placed in 
cold water, we haye at first the sensation of cold ; to which, howeyer, 
the skin of the hand soon becomes accustomed so as no longer to 
enaie the sensation of cold ; if now the hand be placed in water 
somewhat warmer— but not ^gher in temperature than the atmos- 
^ere — ^we haye a feeling of warmth. If the hand be now placed in 
as hot water as the skin can bear, it feels at first unpleasantly hot, 
but this feeling soon passes away and the sensation is comfortable. 
If now from this hot water it be placed again in the water of the air 
temperature, this—which before felt warn— now feels very cold. 

An important item in the estimation oi the temperature of an 
object by the sensations derived from the skin depends upon whether 
it be a good or a bad conductor of heat. Those substances which are 
good eondnctora, and therefore, when colder than the body, quickly 
rob the skin of its heat, are said to feel cold, whilst badly-conducting 
bodiei^ of exactly the same temperature do not feel cold. It is then 
the rapid loss of heat that gives rise to th^ sensation of cold. 

The power of the skin in recognizing changes of temperature ^is 
veiy aoeurate, although the power of judging of the absolutcFdegree 
eX temperature is very shght 

By Upping the finger rapidly into water of varying temperature 
it has bm found that the skin can dbtinguish between temperatures 
which differ by only cent or Fahr. The time required for the 
anival of temperature impressions at the brain is remarkably long 
when compared with the rate at which ordinary tactile impulses 
tmveL To judge satisfactorily of the temperature of an object we 
amtst ind It for some time. 

There ismst be special nerve-endings wbicb are capable of receivii^ 
heal because warmth applied to the nerve fibres ibm- 

eAvm is not mfMe of giving rise to the sensation of heat. Thermic 
atimidl, no donM^ do affqet nerve fibres, but only cause the sensation 
of fiin when applied to them. 
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These iienre endings are not the same ae those that xeceiire tomA 
and pressure iaspresi^iis, beeanse the appredatioii of temperature 
dsfferaices is not most delicately developed in the parts where the 
tactile sensatioiis are most acute. Thus the dheeks and the eydids 
are especially sendtive to changes of tempexatnxei a fact known hy 
people who want a ready gauge of the heat of a Ix^y— thus a harb^ 
approaches the curling-tongs to his cheek to measure its temperature 
b^re applying it to the hair of his client. The middle of the chest, 
moreover, is very sensitive to heat, while it is duU in feeling tactile 
impressions. 

The hand is far from being the best gauge of temperature, for 
heat appreciation is not developed in a due proportion to the keen- 
ness of the tactile sensibility. The larger the surface exposed to 
changes of temperature the more accurate the judgment at which 
we can arrive — the slightest changes being at once recognized 
when the entire surface of the body is exposed to them. The fore-> 
going facts are well known to persons in the habit of testing the 
temperature of a warm bath without the aid of a thermometer \ 
they do not use the limited surface of a sensitive tactile finger-tip 
but plunge the entire arm into the water. The elbow, indeed, is the 
common test used by nurses in ascertaining that the water in which 
they are about to wash an infant is not too w*arm for that purpose. 

Great extremes of heat or cold, such in fact as would act as sti- 
muli to a nerve fibre, do not give rise to sensations of different 
temperatures, but simply excite feelings of pain. Thus, if one 
plunges one’s hand into a freezing luixture or into extremely hot 
water, it is difficult to say at^nce whether they are hot or cold— in 
both cases pain being the only sensation produced. 

General Sensations. 

We call general sensations tliose feelings, pleasurable or otherwise^ 
which con be excited in us, >vithout our l^ing able to refer them to 
external objects, or compare their sensation with those of the special 
senses, or even to descrilx^ their exact mode of perception. Under 
this head are enumerated Pain, Hanger, Thirst, Nausea, Giddiness, 
Shivering, Titillation, Fatigue, dc. 

Of these only pom is commonly referred to any given part, and 
the attempt to localize pain with exactness soon shows how vi^ 
diffisxent is our power in this respect in thecaseofpoinandinthe oese 
of tactile impresaions. Thus when we strike otur funny-bone ” (tlie 
idaar sierve passing over the condyle of the humerus), hy the tactile 
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impre^ionB of the skin we know the elbow is the injured part, but the 
locality of the pain is not so exactly to be determined, for it shoots 
down the arm to the little linger, and is indeiiiiitely spread over the 
region to which the nerve is distributed. 

In studying the laws which govern the perception of painful 
impressions w'e must make the experiments upon ourselves, since we 
alone can form conclusions from the sensations produced. 

The best way to cany out experiments upon pain is to use extremes 
of temperature, as w^e can thus graduate the stimulation. The appli- 
cation of a liquid over 50° C., or below 2° C., causes pain. The 
suddenness of application to the pail, and its duration, tind the extent 
of, surface, as well as the previous temperature, have important 
influence in the amount of pain produced. 

The various kinds of pain which we are all more or less familiar 
with seem to be related in some way to their mode of production, 
but we are unable to assign any definite cause for tliese ditfevences 
of character. Thus, though such tenns as shooting, stabbing, burn- 
ing, throbbing, boiing, racking, dragging pain, liave a tolerably clear 
meaning in general, and may be of diagnostic value, we have only 
an indistinct knowledge that throbhiiig depends on excessive vascular 
distention in a part, that sharp pains are produced by sudden excita- 
tion of a sensitive part, and that the dull i>ainH by the more penna- 
nent stimulation of a part less w’ell su])plied with nerves. 

Further, jiain as w e think of it it> a comjdex nienUd process, matle 
up of many items, such as real sensory ini})rcssions, fear, disgust, &c. 
When a finger is being lanced jmtieiits often cry out most loudly 
before they are touched with the knife, <^nd show intense feeling w’heu 
they look at the blood flowing fi-oiu the W'ound. 

Humjer and ihint are peculiar and indefinite sensatiofls which 
are ex])crienced when some time has <*laj>8ctl since food or drink has 
been taken. Tlic exact pai-t of the nervous system in w hich tlnjse 
impressions arise has not been deteiiiiined. Tliey are, howxwer, add 
to be associated with peculiar sensations in the stomach and throat 
re.spectively. In tlic same w’ay the venereal ap]>etite, though asso- 
ciated with local sensaliouH, cannot 1 h* leleired to any one j>urt of the 
nervous system. 

Nausea is also a sensation w hich cannot he attiibuied to any ])art 
of the nervous centres. It commonly arises in response to afferent 
impulses, *BUch os smells, siglits, tastes, pharyngeal, gastric, or other 
visceral irritation, and is antagonistic to the apj)etites just named. 
All the sensations th^ give rise to or prece<le iiuusea are associate<l 
in our minds w ith disagreeable impressions, imd no doubt mental 



OENERAI. SENSATIONS. 


459 


operations have mUch to do with its production. A child, free 
from affectation, may be heard to say of a castor-oil bottle which 
in itself is not ngly, I can’t bear to look at it, the very thought of 
it makes me feel sick.’' 

However, even without any participation of the mental functions, 
unavoidable nausea may come on from irregular motion, as that of a 
ship, which often causes nausea in those unaccustomed to the sea. 
Certain conditions of the blood flowing through the nerve centres 
also cause nausea, as when emetics are injected into the blood. 

Giddiness, which consists in a feeling of inability to keep the 
normal balance, is often produced in connection with the la^t by 
irregular movements, but more surely by a rotatoiy motion of the 
body. Other afferent influences may give rise to it, viz., from the 
stomach, in some cases of irritation ; from the eye, when we look from 
a height ; from the semicircular canals of the ear by rotation of the 
body ; and also from conditions of the blood, as in alcoholic 
toxasmia. 

Shivering is also the ^e^ult of a peculiar nervous effect produced by 
afferent influences of an unpleasant kind, the sudden application of 
cold to the skin, a revolting sight, a shrill noise, an intensely nasty 
taste, and a very shocking narrative, may t‘xcite a ner\’(>us condition 
which makes us sliiver. 

Titillation follows light htimulation of certain parts of the cutaneous 
surfaces. It is a 2 )eculiai‘ g4*neral sensation, in moderation not dis- 
agreeable, and usually accomijanied by a tendency to meaningless 
laughter or reflex movements. 



CHAPTEE XXXI. 


TASTE AND SMELL. 

Sense of Taste. 

Next to the sense of touch, which is distributed more or less o%'er 
the whole cutaneoiis surface, taste is the least localised aiiatoiuicolly. 
Though confined to the cavity of the mcmth, its more ncctirate limi- 
tations are not easily fixed. The point, sides, and postenor part of 
the dorsum of the tongue can most accurately a]>preciate Uistes ; and 
probably parts of the palate also have the power, but in a much less 
d^ree. Indeed, tliougli ‘‘ the pahite is often spoken of as if it were 
the seat of taste, it really enjoys this function in an insignificant 
decree when comjmred witli the tongue. 

The power of being stimulated by various tastes is not rehtricted to 
the terminals of any one nerve, but is shared by some t>f those of at 
least three trunks, which also transmit impulses arising from other 
forms of stimulation. The glosso-pliaryfrgeal division of the 8th 
pair sends branches to the posterior put of tlie tongue, whicli are no 
doubt connected with the special taste organs, Tlie lingual branches 
of the 5th — commonly called the gustatory nerves—have also ter- 
minals capable of licing excitefl by taste, and probably some fibres 
of the chorda tympani are also employed in this function. 

In the furrows around the circumvtdlate j>ai>illa}, and also, but 
more sparsely, on the sides of the fungiform papillae of the tongue, 
are found peculiar organs called “taste-buds*^ or “taste-goblets.” 
They are embedded in the stratified epithelium, with the cells of 
which their outer layers are intimately c(jnnectc(L They are flask- 
ahaped bodia^ composed of u concentric series of fiuttened cells 
pinched together at the base and at the free surface, where they seem 
to endoee a kind of oiifice. Near the centre the flattened scales are 
replaced by short thread-like elements, so that the whole reminds 
one somewhat of the construction of the head of an artichoke. 
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X'ig. 212.— Drainng of uijper saxfacc of the tongue, fehou’ing the position of the cir- 
oumyallate papillie (1) . (8appc}%) 

Nerves can be seen entering these bo<lie«, and are in aU probability 
directly connected with the modified epithelial cells of which they 
are made up. The relation of the glosso-pharyngeal nerves to these 
taste-buds has been shown by the fact that^ in the rabbit (in which 
animal they are crowded together in a special organ so as to be 
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easily found) they degenerate, and in a lew nionth®^ disappear, after 
one of these newes has been cut 

The genuine taste sensations are very lew. Much of what we 
commonly call taste depends almost exclusivtdy upon the smell oi 
the substance, and we habitually confuse the impreshions derived 
from these two senses.* Ihe different tastes have been divided into 
four, viz., sweet, sour, bitter, and salt, under some one or othei of 



Ijg 21 J ~-8ertiuii tlirougrh depression bctwun tjio iMpillci, 

taide^buds (Oidmt } 

<7, flbmiis tissue of papilla . d and r, cpithfliul ((^Acimpr of iMipdlt, /, tuxtc-buds 
On the right u, shcm the separate celLs oi a ta.*tc*bud 



which headings all our tastes, })ioperl> bo calltd, would iiutumlly 
falL Though this classificatiou has no ju4 < hum to being a chemic^ 
one, it is interesting to know that each taste pietu n( 11 corresponds 
to a distinct group of substances chemically allied one to the other. 
Thtis, acids are sour, alkaloids arc hitter, the soluble luutzal salts of 
the alkalis are salt, and polyatomic akohols, as glyceiine,gra|)c sugar, 
are commonly sweet. 

The subetances most probabh act on tlie iieivt* tenuinnls 

* ICaar the oomeictibleK, the ta^e of whidi we raofirt pii4c, have reuUy no taste, 
hut only a loneU which we habituall) confound with tiwtc, baimg mingled the ex|icn- 
obtained from the two mmm Thvw, if the diafi of air b( lurcf iill> excluded from 
the noee, wine, onion, &e , may easily be pnned to have no taate Hence the f a nu l i ar 
rule of holding the nose adopt^ m taking bad-taating ” luedicine 



SENSE OF SMELL. 

chemical stimuli, because they must be in solution to be appreciated. 
If solid particles be placed on the tongue they must be dissolved in 
the mouth fluid before they can excite the taste oi^gans. 

In order to explain the appreciation of the different tastes we may 
imagine that there are different kinds of terminals, each of which is 
or is not influenced by various substances according as they possess 
a special sweet, sour, bitter, or salt energy. From these different 
terminals pass fibres bearing impulses to certain central cells, each of 
which is capable of exciting a sweet, sour, bitter, or salt sensation, 
an the ca'<e may b(\ 

Sexse op Smell. 

The numerous delicate nerves which pass from the olfactory bulb 
to tbe mucous membrane of the upper and part of the middle meatus 



Fig. 214.~-Bectioii through the mucous membrane of the nasal fossa in the le^el of th ‘ 
olfactiYo region. 

a, Epithelial colls and bundles of nerves ; Glands separated from each oth<n? b> 
bundles of nerves, t . (Codiat. ) 


of the nose form the special nerves of smell. When certain subtle 
particles we call odours come in contact \vith the terminals of these 
nerves they excite impulses which, on aniviiig in the special centres 
of the brain, give rise to the impresaious of smell. 



464 


MANUAL OF PHYSIOLOGY* 


Anatomically the relations of the olfactory region are well defined. 
Its mucous membrane is not covered with motile cilia, as is that 
of the rest of the nasal ca\ity, and it is less vascular and peculiarly 
pigmented, looking yellow to the naked eye when compared with 
the neighbouring membrane. The epithelial cells are elongated into 
peculiar cylindei’s, between which lie long thin rods, ending on the 
surface in free hair-like processes. The deeper extremities of these 
rod-shaped filaments expand to surround a nucleus, and are then 
continued into a network of filaments, into which prolongations of 
the epithelial cells also seem to pass, and in which the delicate fibrils 
of the oKactory nerve can be traced. The existence of direct com- 
munication between the nen^es and the rod-shaped filaments and the 
epithelial cells is satisfactorily established. 

The odorous particles must be in the form of gases, in order to be 
carried by the air into the olfactory region, and the air must be kept 
in motion, by snifling it in and out of the nasal cavity, in order to 
excite the nerve terminals, which are not influenced by the odours of 
air absolutely at rest, though it be in contact with the mucous mem- 
brane of the olfactory tract. 

The extreme delicacy of appreciation of odours by the olfactoiy 
nerve terminals is very remarkable. Even in human beings, whose 
sense of smell is but poorly developed when compared with that of 
animals, an amount of odorous substance can be perceived which the 
finest chemical tests fail to ap])reciatc. Thus Valentin has estimated 
that the two-millionth of a milligram of musk is sulficieiit to excite 
the specific energy of a man^s olfactory aj»paiatus. 

No satisfactory classification of odours has been made out. The 
common division into agreeable and disagi’eeable smells, or scents 
and stinks, is dissimilar in different individuals, and therefore cannot 
have a physiological basis. 

With smell, as with taste, no degree of intensity of stimulation can 
be said to produce pain, though disgust, nauscii, vomiting, an<l many 
other psychical and neivous operations may be induced by varions 
smells, and the appetites are either excited or annulled by different 
excitations of the olfactory nerves. 



CHAPTER XXXII. 


VISION. 

Next in importance to the intelligence we receive from the skin 
is that wliich is coiivoyecl to the hniin from the outer world by the 
second pair of cranial, or the optic nerve«i. 

The ending of the optic nerve differs from any of those we met 
with in the skin, by being enclosed in a very specially arranged organ 
— the eyeball — an apparatus for bending the rays of light, so that 
they exactly reach the deliccite sheet of complicated nerve-ending 
which is here spread out. Nothing but the blood and other tissues 
of the eye come in contact with the endings of the optic nerve, which 
is thus placed out of the way of ordinary nerve stimulation. Indeed, 
we shall see that the light, of which the optic nerves convey intelli- 
gence to the hrain, is not pioperly a nerve stimulus, being merely 
the waving of an imponderable medium, the existence of which is 
assumed. Besides the sj >ecial arrangements in the eyeball for bringing 
the rays of light to hear oi^ the nerve-endings, there must here he 
some extremely delicate arrangement by wliich the ether-waves, 
that we#call light, can he converted into a nerve stimulus, or in 
some way made to affect the nerve tenninals in the retina. 

By me&ns of the sense of sight we obtain knowledge of objects at a 
distance from us, because all these objects reflect more or less light, 
and thus make different impressions upon the terminals of the optic 
nerve, which form the outer layer of the retina. 

Light, then, is the adeqmte stimvlm for the retinal nerve-endings, 
and the impulse caused by light is the only impression the optic 
nerve is in the habit of carrying to our sensoiia, w’here the sensation 
of light is formed and distributed among the cells of the brain so as 
to enable us to come to visual conclusions and judgments. Jks already 
mentioned, no matter wbat stimulus electric, mechanical, or other, be 
applied to the fibres of the optic nerve, tlie, sensation pi*oduced is 
simply light, and tliis is thought of as if it came through the eye from 
the outer world. 


H H 
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The study of sight may then he divided into : 

1. The path the light takes on its way through the eye to reach 
the retina. 

2. The molecular changes in the retina which give rise to stimula* 
tion of the optic nerves. 

3. The sensations arising in the seiisorium as the result of the 
molecular changes set up in the cerebral ner\"e cells by the impulses 
from the optic nerve. 

4. The visual perceptions and judgments which our consciousness 
is capable of elaborate from the visual sensations. 


The Tcnics of the Eyeball. 

The organ of vision of veitebrate animals is enclosed in a firm case 
of fibrous tissue called the sclerotic coat, 'which is continuous with 
the sheath of the optic nerve, and is seen between the eyelids under 
the transparent conjunctiva, and is commonly known as the white 
of the eye. It gives shape and protection to the eye, and though 
translucent, is not transparent. In front a round window-like portion, 
called the cornea, fonns the most anterior segment of this protecting 
covering of the eyeball. The coniea is distinguished from the 
sclerotic not only by its glass-like transjxxrency, but also by Wing ]>art 
of a lesser sphere than the sclerotic, and thus it projects a little more 
than the rest of the bulb. 

Closely attached to the inside surface of the sclerotic is a soft, thin, 
black vascular sheet of tissue which supjdies the eyeball with bhwd, 
being made up chiefly of blood-vessels and stellate, ])igmented, con- 
nective tissue cells. Its outer layer is traversed by arferies and 
veins of relatively large size, and its inner layer is practiijally com- 
posed of a dense network of cloRe-me8he<l cajullary vessels. As 
the cornea is approached, the choroid is peculiarly modified and 
thrown into folds, called ciliary processes, forming a series of vascular 
projections, which radiate from the margin of the cornea. At the 
edge of the cornea the choroid is more firmly attached to the sclerotic 
by a circular muscle (the ciliary muscle), and also by bands of tissue 
from tbe posterior suiface of the coniea which hold it in position ; 
the fibres of the ciliary muHclo, running under the ciliary processes, 
radiate frbm the maigin of the cornea towanls the choroid, to which 
they are attached. In a modified form, known as the iris, this 
vascular and pigment 4d coat of the eye leaves the sclerotic, and hangs 
freely in a fluid so as to be recr^nised tlirougli the clear cornea as 



ANATOMY OF THE EYE, 


467 


a coloured circular curtain, attached to the inside of the periphery 
of the cornea, and having a central deficiency, which looks black. 


et 



Fig. 215.— Duigium oi u^orizontol 8 (h lion throue^h the human eye, 

1. Cornea ; 2. Sclerotic ; 3, Choroid ; 4. Ciliary processes ; 5. Sufipensory ligament 
4 >f lens ; 6. So-called posterior chamher, beta cen the iris and the lens ; 7. Iris ; 
8. Optic nerve; 8’. Entrance of central artery of the retina; 8*. Central de- 
of retina or yellowspot ; 9. Anterior limit of the retina ; 10. Hyaloid 
membrane; 11. Aqueous chamber ; 12. Cr>i!tallinelens ; 13, Vitreous humour; 
14. Circular venous sinus which lies around the cornea ; a-~a, antero-posterior, 
and, b— h, transverse axis of bulb. 


and is familiarly known as the pitpiL The pupil is merely an 
opening ^in the iris, which allows the rays ivf light to jmss into the 
interior of the eyeball. 

Besides supplying nutrition to the non-vasciilar central i^ails of the 
eyeball, the choroid is useful in vision by ])reveuting tln^ reflection of 
the light from the background of the eye in such a way as would 
cause irregularity of its distribution, and tjius dazzle and interfere 
with the tlistinctness of the image. The clioroid also is elastic, and 
can move over the neighbouring 8clei*otic ; it can be drawn forwards 

11 u 2 
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by the eantraction of the radiating ciliaiy muscle, ^hicli acts as a 
tensor of the choroid membrane. 

The iris has a special power of motion, by means of which the 
opening in it can be made smaller, so as to regulate the anionnt of 
light admitted to the eye, and cut oif moi’c or less of the rays wliich 



epithelium lying next 
to the chuioid coat. 


Kods and concci ■iritli their ex- 
tremities embedded iu the 
epithelial celb*. 


External nuclear Irij '-•i . 


External granular layer 


Internal nuclear layer. 


Intcroal grahular layer. 


lAycr of nerve coUa. 

Nerve fibre layer iir which th<* 
retinal veM*ehi run next to 
the vitreous humour. 


Fig* section of retina showing the relation of the different layers 

in the posterior part of the fundus (not the macula lutea ) . (Sehultse.) 


would pass through the margin of the dioptric media. The iiu*- 
portauee of this will be better understood further on. 
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Within the choroid coat, and in immediate contact with it, is the 
nervons coat, or retina, formed by the expansion of the optic nerve, 
which pierces the sclerotic a little obliquely, entering it somewhat 
to the nasal side of the axis of the eye. The retina lines all 
the back part of the eyeball, and stretching forwards, becomes 
1‘used with the ciliary processes, where, however, the nen^ous 
elements of the coat are wanting. The fibrils of the optic nerve 
reach the inner surface of the coats of the eye, and lie in immediate 
relation to the trausijarent medium, wliich occupies the gmater part 
of the bulb. The fibres then lie internally to their terminals, which 
tum outwards and are set against the choroid coat. The ultimate 
nerve-endings are situated in pigmented protoplasmic cell^ which 
form the outermost layer of the retina. 

Thk Dioptric Mkdia op the Eye-ball. 

The tran8pai*ent feubstiiiices wliich fill the eyeball are, together 
with the coniea, commonly called the dioptric media. The CLqueous 
humour lies in contact with the posterior surface of the cornea, and 
just fills the ])rominence which is formed by this part of the eye. 
It is in this fluid that the movable iris is stretched and separates 
the aqueous department of the eye into an interior and posterior 
chamber. The vitreous humour occu]>ies much the hirger share of 
the eyeball. It lies in a]q)osition to the retina, being separated ftom 
it only by a thin transparent structure, Ciilled the hifcUoid mewlram, 
which eiiclo8t*s the clear gelafinous vitreous humour, and is fused 
with the ciliary part of tlie^etina and choroid. The vitreous humour 
is dev^oped from the young connective tissue of the mesoblast, and 
we fin<l in the adult that mucus is the most striking chemical sub- 
stance its texture, though the form elements of tlie original 
mucous tissue have neiirly all disappeared. 

The most important of the dioptric media is the crystaUim lens. It 
is placed between the ai|ueou8 and the vitreous humours, just behind 
the ills, which lies in contact with its anterior surface. It is like a 
strong magnifying glass, bi-convex in shape, the posterior surface 
being more convex than the anterior. The lens is much harder tln ^n 
the vitreous humour, hut its outer layers are but little denser thi^yt a 
stiff jelly. It is enclosed by a firm ehistic capsule, wliich is drawn 
tightly over tlie anterior surface, and influences its tdiaiie. The lent is 
held in its position by a thickened part of the soft, elastic hyaloid 
membrane, called the suspensory liffanient, which is attached fo the 
anterior surface of tlie capsule, near its margin. The lens and its 
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capsolei together with the vitreous humour, may be said to bo 
enclosed in the hyaloid membrane, which is thickened and fixed to 
the capsule^ and to the ciliary part of the choroid. Thus any tension 
exerd^ by the suspensory l^ament tends to tighten the anterior 
part of the capsule, and flatten the anterior surfoce of the lens. 

The diape of the lens varies at different times of life, being nearly 
spherical in the infant and tending to l>ecome less convex in old age 

0 0 0 

Pig. 217. — Diagram of lena at different periods of life. 

Of At birtli ; fr. Adult ; c, Old age. (Allen Thomson.) 

(v. fig. 217). The lens is develojied from the outer layer of the 
embiyo by the giudiial thickening and growing inwards of the 



Tig, SlS.<«-Sborwliig early stages of the derelopment of the lens, e, Bpithclial tisane 
gotog to form lens ; a, Optic cup ; a, ]^;>idermis. (Cadiat.) 

• 

epillielium, which meets the optic cup, and after a time is cut off 
hwm the parent tissue.* Tlie stages of its development may be 
followed in the accompanying woodcuts (v. fig. 218). 
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Tlie lens is composed of a number of peculiar band-like cells, 
derived from the epithelium. These are cemented together in 
parallel rows, eccentrically arranged in layers. These bands are hex- 
agonal in transverse section, and in the younger periods of life may 
be seen to contain nuclei. 



Fiff 219.— A further stage of the development of the lens. (Cadiat.) 

Cf Elongating ^ithelial cells forming lens , Capsule, c, Gutaneons tusne 
becoming conjunctiva ; d, <*, Two layers ot optic cup forming retina ; CeU 
of mucous tuHsueof the vitreous humour, v> Intercellular substance; De- 
veloping optic nerve. 

In the li\ ing state the lens is perfectly transparent, but after death 
it becomes slightly opaque. The nutiiinent for the adult lens is 
derived from the vessels of the choroid, T^hich, however, do not 
come into direct communication with its texture. On this account 
the nutrition of the lens is not so peifoct as that of many other 
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tiseoM, and it is but imi)eifectly repaired alter iiy'uiy, which alu’ays 
leaTCB more or lees opauty. Even without injury, opacity, giving 
liae to cataract, sometimes occurs during life 
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The Dioptrics of the Eye. 

Liglit travels tluougli any even transparent body, eucb as tlie 
atmosphere, in a straight line. But when it meets any change in 
density, paiticularly when it has to pass obliquely into a denser 
medium, the ray is bent so as to run in a direction more perpendi- 
cular to the surface of the denser body. The degree of bending or 
refraction of the rays depends chiefly on the difference in density of 
the two media and the angle at whicli the ray strikes the surface of 
the more dense. 

On its way to the sensitive retina, the light has to piss through 
the various transparent media just named, viz., the cornea, the 
afiueous humour, the ciystalline lens, and the vitreous humour* 
On entering these media, which have difl'erent densities, the rays 
of light reflected from any luminous body become bent or refracted, 
so that they are brought to a focus on the retina, just in the same 
way as parallel rays of light from the sun may be focussed on a near 
object by means of an ordinary convex lens. 


r 


A 


Fig. 221.— Diogium shovting the coiu>.c of paKilld i-ays of light from a, in their poMage 
through a biconvex UnR l, in 'i^hich they urc bo refiucted as to haul towards 
and come to a focus at a point f. 

Only fb much light reaches the fundus of the eye as can pass 
through opening in the iiis, so that a compiiatively nanw and 




Fig. 222.— Diagram Khowing the course of diverging ni>w, which aic hetft to a point 
further from the lens than the parallel Ta>w in hist ils* 

varying beam is admitted to the chamber in wfiich the nerve-endingt 
are spread out for its reception. 
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If we hold a biconvex lens at a certain distance from the eye and 
look out of the window through it, we see an inverted image of the 
landscape. If we place a piece of transparent paper behind the lens, 
we can throw a representation of the picture on it, which, however, 
will be seen to be inverted. This power of convex lenses is employed 
in the instrument used for taking photographic pictures, called a 
camera^ which consists of a box or chamber into which the light is 
allowed to pass through a convex lens, so that an inverted image of 
the objects before it is thrown upon a screen of ground glass within 
the box. When the sensitive jdate replaces the screen, the light 
coming through the lens makes the photographic picture. 

J list in the same way an inverted image of the things we look at 
is thrown on the retina of the eye by the refracting media. This 
may be seen in a dark room, if a candle be j>laced at a suitable dis- 
tance in front of the cornea of a fresh eye taken from a recently- 
killed white rabbit. When cleared of fat and other opaque tissues, 
the sclerotic is transparent enough to act as a screen upon which the 
inverted candle flame can be recognised. 

Though our organ of vision is commonly compared to a camera 
obscuraf the refractions of the light which occur in it are far mort‘ 
complex than those taking place in that simple instrument. In the 
latter we have only two media — ^the glass lens and the air ; in the 
eye, on the other hand, we have several, which are known to Iiave a 
distinct refractive influence on the rays which pass through the 
pupil. 

Since the surfaces of the cornea, however, are practically parallel, 
we may neglect the difference between' it and the acpieous humour, 
and look upon the two as one medium, having in front the shape of the 
anterior surface of the cornea, and behind, the anterior surface of the 
lens, so as to form a concavo-convex lens. We thus have ^nly three 
media to consider, viz.: (1) the acpeous humour and cornea ; (2) the 
lens and its capsule ; and (3) the vitreous humour. And only three 
Tefracting surfaces needl>e enumerated, viz.: (1) the anterior surface 
of the cornea ; (2) the anterior surface of the lens ; and (3) the 
posterior surface of the lens. 

These refracting surfaces may all l>e looked upon as portions of 
spheres whose centres lie in the same right line, and hence may be 
said to have a common axis. And the eye may be regarded as an optic 
system, centred around an axis which passes through the middle point 
of the cornea in front, and the central depression (fovea centralis) of the 
retina behind. This Uncommonly spoken of as the optic axis of the eye. 

The rays of light entering the eye are most strongly refracted at 
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the surface of the cornea, because they have to pass from the rare 
medium, the air, to the denser cornea and aqueous humour. So 
also more bending of the rays occurs between the aqueous humour 
and the anterior surface of the lens than between the posterior 
surface of the lens and the \utreous humour. 

The lens is not of the same density throughout, but denser 
in the centre, and being made up of layers, the central part refracts 
more than the outer layers. 

The manner in which the inversion of the image is produced 
by a convex lens, is shown in the accompanying figure, in which 
the lines correspond to the rays passing from two points through the 
lens. If the arrow a a' be taken for the object, from either extre- 
mity of it rays pass through, and are more or less bent by the lens. 
It will be sufficient to follow the course of three rays from the head 
of the arrow. One of these passes tlirougli the centre of the lens, 
and leaves it in the same direction which it entered, because the two 
surfaces at the points where it entered and left may be regardetl a» 
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Fig. 223.— S^-wing the counie ot the rays of light from two luminous points to the retina. 
The raj’s from the x>oint a on passing through the comets, lens, &c., arc coUected 
on the rotina at h. Those from a' meet at and thus the lower point becomes 
theuplWl-. 

parallel, and so ciiuse no refraction. The rays which do not pass 
through the centre are bent on entering and on leaving the lens, so 
that they all meet at the same point and there produce an image 
of the head of the arrow, at U. In exactly the same way the feather 
end of the arrow is jiroduced at b ; the position of the image of the 
object is thus reversed by the light rays passing through the lens. 

In a biconvex lens, with the tavo surfaces of the same degree of 
convexity, the central point through which the rays pass* without 
being refracted is eiu^ily made out, as it is the geometrical centre of 
the lens. This central point is spoken of a* the optical centre. 
With systems of lenses of varying convexity, and more than one in 
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number^ aa we have in the eye, where the rays of light aie bent 
at different snifaces, it is much moie difficult to determine the optical 
centre. However, by means of the measurements made by Listing, 
two points close together are known, which may be said to correspond 
practiccdly with the optical centres of the eye; they lie in the lens, 
between its centre and posterior surface. Tlie ^Hith of the various 
rays may thus be exactly made out.* 

The rays which come from a distant luminous point and fall upon 
the eye, aie refnicted by the cornea and aqueous humour, so as to 
be made convtrgeiit on their way to the lens ; they are then further 
bent at the surfaces of the lens, so tliat tliey are brought exactly to a 
point on the retina. That is to say, for distant luminous points, 
the retina lies exactly in the plane of focuH of the dioptric media of 
the nonual eye. 

This convergence of the rays to a point on the retina, is the first 
essential in ortler to be able to see clear and ilistinct images ; for if 
the rays from each point of a luminous body were not united on the 
retina as points, the etiects of the different rays from the various 
points of a body would become mixed, and there would he loss of 
definition of its image. ' 

The rays from any bright point wliich enter the eye through tl»e 
pupil may be imagined to form a luminous cone, tlie point of which 
lies at the retina, and its base at the x>upil. After their union at the 
|X)mt of the cone, the rays would diverge again if the retina were not 
there to receive them. 

It may be seen from the foregoing figure that if the retina, which 
normally would lie at 2, were placed nearer the ilioptric apparatus, 
say at 1, or further from it, at 3, it w'ould not meet the exajt jK)int of 
the luminous cone, but would receive the i*ays either before they 
came to a point, or after they had diverged from it. Thi^/indistinct 
lings of light would be seen instead of one luminous pohit, and an 
image would ]>e blumd and indefinite. 

From this it follows that the eye, when tjuite x^afesive, cun only 
get an exact image of boilies wluch are )>laced at a certain distance 
from it, just as, for any given state of a camera, only those bodies in 
one plane come into focus and give a clear picture on the screen. If 
the diox>tnc apparatus of the eye were ligid and unalterable, since 
the relation of the retina to it is pennauently the same, we could 

* Ybe impoiifbility of malciiis clear tlie important rolaiioniihipa, nodal pointi, and 
otlwr cooflCanta of (lie eye (p a idiort text book, and the deterrent effoot exacied upon 
the mind of a iuntor iMent by brief incoropreheniiible utatementa, has Induced the 
audim to omit tliia port of the subject, and he must thoref<»ro refer those who tee 
amKionf to leom the eazdinal points of the eye, to the more advanced text books. 
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only see those objects clearly which are at a given distance from 
the eye. We know, however, that we get as distinct an image of 
distant as well as of near objects, and we can look through the 
window at a distant tree, or we can adjust our eyes so as to be able 
to see a fly walking on the window pane. However, we cannot see 
both distinctly at the same 
moment. This may be de- 
monstrated by what is known 
ns Schemer’s experiment, 
which is carried out in the 
following way. Two pin- 
holes are made in a card at a 
distance from each other not 
wider than the diameter of 
the pupil. The card is then 
brought close to the eye, so 
that a small object — siu li as 
the head of a bright ]>in — 
can be seen tlirough the holes. 

The dioptric media being fixed, moving the object nearer to or further 
from tile eye would have the same effect as changing the relation of 
the retina to m or p q in fig. 224, by means of which we may explain 
the following observations : (1) The eye being fixed upon the object 
(of wbieli only one image is seen), move the pin nipidly away ; two 
objects now appear, showing that the rays coming through the holes 
have met before tliey reach ^he retina as at p 7. (2) lilove the pin 

near the eye ; again two very blurred objects ai-e seen, for the 
rays hav# not met wlien they strike the retina, as at m n. (3) Keep- 
ing the i^ect in the wane position, alter tlie gaze, as if to look first at 
distant ana then at near objects ; in both extremes two images are 
seen. (4) When tlie object is in exact focus as at c, the closure of one 
of the holes does not affect the single image. (5) When two images are 
seen, closing the right hand liole at g causes tlie right or left image 
to disappear according as the focus c falls short of m n or is beyond 
p qj the retina. (6) By moving the pin’s-hend nearer the eye, a point 
is reached at which the object cannot be brought to a focus as a single 
image. This limit of near accoxnmoilatiou marks the near 2>oint A 
little attention teaches us that looking at the near object requires 
ail effort which looking at the distant one does not ; in fact, we have 
to do something to see things near us distinctly. Tliis act is the 
voluntary adjustment of the eye which we call its accommodation for 
near fusion. 



Pig. 224.— To illurttnito Suheiner^a experi- 
ment ; for explanation, see text. 
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Accommodation. 

The difference of distance for which we can adjust our eyes is great, 
eo that our range of distinct rUion is very extensive. As ali*ead 7 stated, 
the normal eye is considered to be constructed so that parallel rays of 
ligH those coming from practically infinite distance, are brought 
to a focus on the retina. This is why we sec the stai-s — which are prac- 
tically infinitely remote from us — as mere luminous points. It is 
therefore impossible to fix a “ far limit ” to our power of distant vision. 
The nearer an object is brought to our eyes, however, the more effort 
is required to see it distinctly, until at last a point is reached where 
we cannot get a clear outline, no matter how we ‘^strain our eyes.” 
For a normal eye, called the emmetrojdc f//c, this ‘‘near limit” is 
about 12 cm,, or 5 inches, but it varies in different individual**. 

For objects that are over 10 metres distance very litth* change in 
the eye is required in order to see tliem distinctly, and the nearer 
the object approiiches the more frequently the adjustment of the eye 
has to be altered in order to see it clearly. But at every part of the 
range of distinct vision objects at difierent distances can be seen 
without moving the adjustment. The range of this jK)wer is measiireil 
on the line of vision, and called the focal depth. In the distance 
w'e can take in a greater depth of land^'Ciipe, and this without effort 
or fatigue ; but when looking at near ol)je( t8 we must constantly 
accommodate our eyes afre.^h in acconlance with the fcliall(>\me88 of 
our focal depth. 

The mechanisms by means of which the aci oininodation of the 
eye is accomplished, difler from anything that can be apjdied to an 
artificial oj»tical ill^tl•ument, and are mucli mure perfect, , 

The changes which have been obser^’ed to bike place are (1) The 
iris contracts so that the pupil becomes Mnaller ; (2) tlffe centre of 
the anterior surfiice of the crystalline lens moves slightly forwards, 
pushing before it the pupillary margin of the iris, and becomes more 
convex ; (3) the j>osterior surface of the lens also hecomes moiX3 
convex but without changing its position. 

These clianges can be seen in the accompanying diagram, showing 
a section of the lens, cornea, and ciliary region (fig. 225), in the 
left-hand side of wliich the lens is drawn in the position it assumes 
when acc^mimodated for near objects, Tliese movements can be seen 
to take place in life by observing the changes in relative positions, 
&a, of the reflections^of a caudle fiame thrown from the cornea and 
the two surfaces of the lens. On the cornea is seen a bright upright 
fiame ; next comes a huge diffused i-efiectioii from the anteiior suxi^e 
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of the lenff, and at the other aide of this a small inverted image of 
the flame reflected from the posterior surface of the lens. 
the adjustment is changed by looking from a far to a near object, 
the image on the front of the lens becomes smaller and moves 



Fig. 22.'i .—Diagram j-howing the changcH in the Kii*t iluni g u< comincxlatkin. The 
muscle on the right is supposed to be passive as in ‘loukmg at distant objects, 
the ligament (l) is therefore tight, and compixpscs the anterior surface of the 
lens (a) so as to flatten it. On the left the ciliary muscle (m) is contracting so 
as to relax the ligament, vhich aUo^s the lens to become more convex. This 
contraction occurs when looking at near objects. 

towards the centre of the pupil. The image on the back of the lens 
also becomes smaller but does not change its ]>Ohitiou. The exact 
amount of movement ha.s been accurately measured by a special 
instmment called an oi>hthalmonieter, and the motions can be made 
more obvious by means of the ]»bakoscope, in which a dark box and 
prisms ore jdaced before the observed eye, and each image is made 
double, so that the change in po.sitiou of its two jiarts may be more 
obvioui^than a mere cluinge of size. 

The alteration in the shape of the lens is accom])lished by the 
action #Nthe muscular ring already named, which radiates from the 
edge of the cornea to the ciliary region of the choroid coat, where 
it is attached. The junction of the cornea and sclerotic l>eiiig its 
fixed point, when the ciliary muscle contriuts it draws the 
choroid coat and the connections of the suspensory ligament of the 
lens slightly forwanls. Under onlinary circumstances, the eye being 
at rest, the suspensory ligament is ten.se and exerts a radial traction 
on the anterior part of the capsule of the lens, and thus tends to 
stretch it flat ; this aftects* the &ha}>e of the soft lens ijpd reduces 
its convexity. When the ciliary muscle shortens it draws fom^ards 
the attachment of the suspensory ligament, relaxes it, and removes 
^ the tension of the capsule, so that the. luuonstrained elastic lens 
I bulges into its natural form. The posterior surface cannot extend 
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Imekwardfl, because there it is in contact with the vitreous humour, 
which, if anything, is held more firmly against it by the increased 
tension of the hyaloid membrane during the contraction of the ciliary 
mxisele. 

The act of accommodation is a %’^oluntary one, the nerve bearing 
the impulse to the ciliary and ins muscles, coming from the 3rd 
nerve by the ciliary branches of the lenticular ganglion. The 
local application of the alkaloid of the l)elladonna plant (atiopin) 
causes paralysis of the ciliary muscle and wide dilatation of the 
pupil ; and the alkaloid of the calabar bean (physostigmatin) pro- 
duces contraction of the muscle of accommodation and extreme con- 
traction of the pupil. 

Defects op Accommodation. 

Myopia, It has been said that the “ near limit ” of distinct \'ision 
differs in many persons from the twelve centimeters of the normal 
emmetropic eye, and it is further found that the power of accommo- 
dation varies very much in different individuals. Thus “shoi-t 
sighted ^ people, who have myopic eyes, t.c., in which distant parallel 
rays fall short of the retina, the near limit may only be half the 
normal, i,e,^ five centimeteiN, and the far limit, which is normally in- 
definite, is found to be within a comparatively short distance of the 
eye. They, therefore, cannot see distant objects clearly, since the 
rays are focussed before the retina is reached, and then diverging, 
cause diffusion circles and a hlurred jiictiin*. The work of their 
accommodation is also much more lalKSdous, since they can only see 
in that jw^rt of the lange of accommodation where the adiustment 
has to be altered for slight variations of distance. The defect can 
be made much less distressing by the use of concave glasejs, which 
make parallel rays strike the cornea jis divergent ones, and thus 
allow them to be focussed on the retina. 

Hypermetropia. Another abnoimality is “long sight.*^ In the 
hypermetropic eye, parallel rays of light are brought to a focus at a 
point beyond the retina, so that divergent or parallel rays cause 
diffusion circles and a blurred image. This may he corrected by 
means of convex glasses whicjh make the rays convergent l> 0 fore they 
strike the corneal surface, and thus enable them to be sooner brought 
to a focus % the dioptric media of the eye. 

Frethyopia is the name given to a change in the ])erlectness of 
aeoeminodation frequently accompanying old age. The lens probably 
g^ts less dastic and the ciliary muscle weaker, so that the change in 
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form required to see near objects is more difficult or impossible to 
attain. Biconvex lenses help to overcome the difficulty. 



Pig. 226 . — Showing the oourae of the rays of light from two luminous points to the retina. 
The rays from the point a on passing through the oomea, lens, Ac., are collected 
on the retina at h. Those from a* meet at h\ and thus the lower point becomes 
the upper. 


Defects of Dioptric Apparatus. 

In common with all dioptrical instruments the eye has certain 
optical defects which tend to interfere with the exact definition of 
the image. 

Chromatic aberration is duo to the bn^aking up of white light into 
coloured rays owing to the different coloured lights, of which ordi- 
nary light is composed, possessing different degrees of refrangibility. 
We know this in the spectrum and in the coloured rings always 
seen in the marginal part of a biconvex lens made of one kind of 
glass, which acts like a prisnf. It can be corrected by making lenses 
of two ^inds of glass, one of which counteracts the dispersion caused 
by the other. Optical instruments may thus be made achromatic. 
This dd^«t is minimised by the iris, which cuts off the marginal 
rays in which it is most apt to occur. Possibly the different density 
of the dioptric media may have a correcting effect on the chromatism 
of the eye. Further correction takes place in the nerve centres which 
receive the sensation, for just as we mentally re-invert the image, 
fail to see the colour. At any rate the chr)matic aberration is so 
slight that it needs certain ailifices to make it observable. 

Spherical aberration depends upon the fact that luminous rays, on 
passing through a convex lens, strike the various parts of its surface 
at different angles, and hence are differently refracted. ^ The rays 
striking the margin of the lens are more bent than tliose passing 
through the centre, and hence the former come sooner to a focus. 
Thus a luminous point gives rise to a diffused figure, which is cir- 
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colax in pexfectly centered dioptric systezas, or stellate in onr eyes 
where the centering of the lenses is not absolutely accurate. Spherical 
aberration causes us no inconvenience, as the iris only allows the 
cenlxalxaystD pass, upon which it can pr^uce no noticeable influence^ 
Aknother optical defect in our eyes is oBtigmatimy depending 
upon seme irregularity of the curvature of the cornea, which may be 
bent more horizontally than vertically, or vice eerad. In eith^ of 
theie m m the light in the vertical and horizontal planes will be 
differently redacted, so that lines drawn in the two directions will 
require different adjustments to see them distinctly. This may be 
at once recognized if we gaze with one eye at the centre from which 
many sharply-defined lines radiate, when only certain ones can be 
seen distinctly, unless we move the eye or change its accommo- 
dation. When the excessive curvature extends evenly over the 
whole diameter of the cornea it gives rise to what is called regular 
aMigmatum^ and when the imeveimess is localized to one spot of the 
comeal surface it is called irregular eistigmatum. 

The astigmatism which may be c idled physiological is not noticed 
by the individual, but pathological astigmatism often occurs and 
requires cylindrical glasses t4> connect it. 

Entoptic images are those which depend on the presence of some 
opacity or difference in density in the transparent media of the eye 
itself. They look like variously-shaped specks moving over the field 
of vision. They are only remarkable when we look at an evenly 
coloured object or through a pin-hole in a black card. In using the 
microscope they often annoy the uni)ractised observer. 


The Ibis. • 

It .has already been mentioned that the motions of tho fris alter 
the aze of the pupillary opening through which the rays of light 
must pass, and wMe it regulates the amount of light admit^, 
it always cuts off a large amount of the marginal rays acting like the 
diaphragm of an optical instrument. The givat importance of not 
allowing the rays which would traverse the margin of the lens to 
enter the eyeball can be understood after what has been said of 
spherical aberration. But the iris also moves so as to contract the 
pupil wheii the eye is adjusted for near vision, independently of 
the intensity of t^ light by which the object is illuminated. This 
action is of great advantage in viewing near objects, because the more 
convex ^e lens becomes, the more injurious are the marginal rays. 
If the iris did not thus contract in near vision, the nearer we 
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brought au object to our eye the greater would be the tendeucy to 
iudistiiictueag caused by spherical aberration. 

The iris consists of a framework of delicate connective tissue, like 



Fig. 227.— -Section through the cilioiy region, showing the relation of the iris (/) to 
the choroid and the ciliary muscle {a\, which arises from the margin of tihe 
cornea at (<*), and passes towards the choroid to the right where it separatee 
the latter from the sclerotic. 

that of the chomid coat, containing many blood-vessels. On its 
posterior surface is a dense layer of pigment cells called the uvea, 
which gives the eye it.s colour. The motions of contracting and 
dilating the pupil are carried out by smooth muscle fibi'es. The act 
of contracting the pupil is performed by a very definite si*t of fibres 
forming the sphincter which suri*ounds the margin of the pupil, while 
other fibres are said to radiate from the pupil to the attached maigiu 
of the iris. The sphinctei’ muscle seems always to be more or less 
in acti<jp, because if it be pamly^ed the action of the dilating 
forces becomes obvious. But the muscular character of the dilator 
has beelMoubted from the fiict that the fibi'es have not been satis- 
factorily demonstrated. Certainly the sphincter stHjnis to he* the 
stronger of the two, for strong electric stimulation causes contraction of 
the pupil, and shortly after death the pupils dilate. We must assume 
that the power of the sphincter dies more quickly thou tliat of the 
dilator, or relaxes because it has lost the stiimiUih reflected from the 
fragile retina. 

The nerves supplying the dilator muscle seem to be derived from 
the sympathetic, for when the sympathetic in the neck jis cut, the 
pupil remains permanently contracted. These fibres ore supposed 
to take origin in the grey matter of the cei'vical spinal cord. The 
sympathetic also supplies the muscles in the walls of the vessels, and 
thus controls the amount of blood going to the iris. Thou|^ the 
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vaiiation in blood supply may co-operate in causing dilatation, it 
cannot be the only cause, as the widening of the pupil may be caused 
in a bloodless eye. 

The nerve mechanism by which the 8j)hincter muscle is made to 
contract is quite distinct, and more definitely understood. Its con< 
traction is a reflex act, the stimulus of which starts in the retina 
and travels along the optic ner\^e as an afferent channel to the 
corpora quadrigemina, where there is one centre governing the con- 
tractions of both irides. The efferent impulses, are sent along the 
third nerve to the lenticular ganglion, and thence by the short 
ciliary nerves to the eyeball. 

When we accommodate for near objects three mimclcs act in 
unison, so we say their movements are associated'^ with one another. 
The voluntaiy^ effort that causes the ciliary muscle to relax the sus- 
]>enaory ligament, miihes the sphincter of the iris contract, and also 
stimulates the internal rectus to move the eye inwards. The voluntary 
nen’^e centre niu.st be in intimate relation to the reflex centre, which 
keeps up the tonic action of the sphincter iridis. 

We have then central nerve governors for the ciliary and iris 
mo^"ements. The ciliary muscle and sphincter of the pupil are 
together stimulated by the will, and the sphincter alone is excited 
by means of a centre which reflects the stimulus arriving from the 
retina by the optic nen^e along the branches of the tliird nerve. 
The dilator of the pupil, if a muscle, is also kept in gentle tonic 
action by the impulses sent from the spinal marrow, via the sym- 
pathetic, with the vaso-motor impulsesj ; but some think that the 
blood supply and tissue elasticity explain the dilatation. 

From the facts (1) that reflex contraction of the pupil may»l)e pro- 
duced by stimulating the retina, even wlien the eye is cut off from 
the brain centres, and (2) that the local effect of atropia iiftiilating, 
and calabar l>ean in narrowing the pupil, seem in a measure inde- 
pendent of the central nerve organs, it l>een concluded that 
there must be some local nerve mechanism in the eye itself capable 
of reflecting nerve stimuli and being affected by these poisons. 

The student mu.st never lose sight of the circum-stances under 
which the pupils contract, namely : — 

L The application of strong light even to one retina, causes reflex 
stimulatioikiof the ciliaiy nerves, 

Stimulation of the nasal and ophthalmic branches of the fifth 
afferent nerve excites the sphincter. 

8. Contraction of the pupil is ^ associated ^ with accommodation 
for near objects. 
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4. Similar associated contraction^ accompanies inward move- 
ment of the eyeball. 

6. During sleep, or as the result of vasomotor disturbances in the 
brain (anaemia), the pupil contracts. 

6. Under the influence of physostigmatin, nicotin, and morphia. 

7. From any stimulation of the optic or third nerves or the corpora 
quadngemina. 

The circumstances in which the pupils are found to be dilated 
are e<£ually important from a practical i)oint of view, namely : — 

1. In the dark or with insensitive retinae. 

2. Irritation of the cervical sympathetic. 

3. Under the influence of atropin, daturin, &c. 

4. In asphyxia or dyspnoea from venosity of the blood. 

5. Painful sensations from the skin, &c. 


The Ophthalmoscope. 


When we look into the eye the pupil appeaw f|uite black, because 
the illumination of the eye-chamber is not sufficient to show its 



Fig. 228.— Ophthalmoscopic view of fundus of oye, in vhich the central artery (^aad «} 
and the corresponding' veins (A and d) are seen coursing through the retkia froni 
the optic disc (^). 


parts fiom the outside, when the light is strong. In the same way 
when we try to look into a room in the daytime through the 
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wiiidow we Bee nothixig in the depth of the room, because the light 
outside is so much stronger than that within the room. If, however, 
we look in at night, when the room is lighted up while it is dark out- 
side, we ean see every object clearly. So if we iUuToinate the inside 
of the eye by any means we shall be able to see the details of the 
iadde of the eye-chamber. 

This means is supplied by the ophthalmoscope, which reflects the 
light from a lamp into tlie chamber of the eye so as to illuminate it 
completely, and when the surroundings are not too bright, the fundus 
of the eye can be clearly seen and investigated. A lens is usually 
inteipoeed between the eyes of the observer and tlie observed, in 
order not only to illuminate but also to magnify the fundus aud 
enable the ohsen er to see all the details of the |)art& With tliis 
instrument a rouml whitish part is seen a little to the nasal side of 
the axis of the eye, where the nen-e pieK*es the dark choroid coiit. 
This is called the oj>tic disc, Tlie fundus now, when lightecl up, 
does not look black, but is of a lurid red colour, owing to the great 
vascularity of the choroid ctjat Over this red field are seen a 
number of blood-vessels, which start from the centre of the optic 
disc, and ladiating over the fundus send bnmehes to the most ante- 
rior parts that can la* st*cn. These are Uie branches of the vessel 
which runs in the centre of the nerve. In the very axis of the eye 
a peculiar dejuumion, five from branches of the bloo^l-vesseN, 
can i*e seen. This central depression (fovea centralis) differs a 
little in colour from the neighbouring fmits during life, and 
tiuns yellow at death, and hence has been ealle<l the ** yellow 
spot** The retina is b<i transparent Cnat w'e cannot it with 
the ophtlialiitOBCofie, but the radiating vemelB (central artt*^es and 
veins of the retina) lie in it and bt*lotig to the nervous struciujc 
only. 

l^e ophihalmoeco|ie has proves! of inestimable value not only to 
the opbtlialmologist but also to the physician, as a means of arriving 
at an accurate knowledge of diseasi*. Hence it has )>e<*oiite mom 
a pathological than a physiological instrument. 


Lxqbt Impbeshiosa, 

The retina is the part of the eye by- which the physical 
motion — ^iiglit is changed into the physiological phenomena known 
as nerve impulse, by means of which the impression of light is 
excited in the brain. In reaching the retina the light is not in 
any way altered from the light with which physicists experiment, 
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but at the* retina this physical motion is stopped. The optic 
nerves no more convey the light waves from the eye to the brain 
than the tactile nerves carry the objects that stimulate their 
endingSi but only send a nerve impulise which the retina^ on its 
exposure to the light, excites in the optic nerve. As JEdready stated, 
any form of stimulation will cause the same kind of impulse to pass 
to the brain and there set up the same sensation of Thus we 

are told by persons who have had their optic nerves cut that the 
section was accompanied by the sensation of a flash of light. Any 
violent injury of the eye-ball causes a flash of light to he experienced. 
This fact has long since been arrived at in a practical manner, 
for a blow implicating the eye-ball is vulgarly said to “make 
one see stars.” Also, without violent injury, if we close the eyes 
and turn them to the left side and then press with the jpoint of a 
pencil on the right side of the eyeball tlu'ough the lid, we have a 
sensation of a point or ring of light on the opposite side of the 
eyeball. Thus we say that the specific energy of the optic nerves 
excites a sensation of light, and the adequate stimulus of the organ 
of vision is light The first question that arises is, what pait of the 
retina does this important work of stimulating the optic nerve when 
light impinges on its terminals I 


The Funxtiox of the Retina. 

The retina is not a simjde sheet of nerve fibrils or of nen^e cells, 
but a most complex peripheral apparatus, which to histologists has 
offered an endless field of*^tudy. This complex body is spread all 
over the fundus of the eye except at the optic <lisc, where the ner\’e 
pierces all the coats of the eye ; here thei’e is nothing else but ner\*e 
fibres%j^ hence no retina properly so called. 

The structure of the retina vtuies in different parts, but it may be 
said to be composed in the main of the following layers. The excej)- 
tions will be mentioned ofteru^axxls, viz.: — (Compare fig. 21C.) 

Lying next to the hyaloid membrane is the layer of verve jOires 
which radiate from the optic disc to the ora serrata near the ciliary 
region. The fibres spread evenly over tlie fundus except at the 
central point (fovea centralis), which they avoid by passing on each 
side of it. 

Next to the fibres comes a layer of verve celUf these sedin commonly 
to have one pole connected with a fibre from the optic nerve, while 
from the other side two or tlireo poles send processes into the other 
layers of the retina. 
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Then comes on indistinct layer made np of granulormatexial and 
two layers of peculiar nuclear bodies, with a layer of granular 
material between them. 

Outside of these, and separated by a fine limiting membrane, is the 
most important layer of the retina. It consists of a layer of rods 
and cones which are connected with those parts of the retina already 

named, and seems to 



project into the pro- 
toplasm of pigmented 
cells of epithelial 
character, which, on 
their outer face, show 
a striking hexagonal 
outline. 

A nci’ve fibril then 
may l>e said to have 
the following course : 
entering with the otlier 
ftbrils at the porus 
opficiis, it leaches the 
immediate vicinity of 
the hyaloid membrane, 
and rum a certain 
distance in contact 
Mitli that membrane, 
it then turns outwaixlb 
towards tlie choi-oid 
and enters a nerve 
cell. From the nerve 


Fig-. 220 —ShonFing the cotirsc of tlie of the a ^.ple of 

optic nerve !f,a« they paiw along the inner Hwrfaco hlaniellts uhich piercc 
c^frel^, to me^ the ganglion cella «, Mhcnte tlie vaiious granular and 
gpeoalcoinmuiucations juumoutvardK tothclnyci , , 

(k rods and conea in the pigment la>ei p, next UUclear layers— where 
the choroid /*. tjjgy probably freely 

inosculate with the 


fibrils from other cells — and finally terminate in a rod or a cone. 
The rods and cones may then be regarded as the ultimate terminals 
of the nerves, and they lie in the at tive protoplasm of the peculiar, 
pigmented etdthelium cells. 

It is this outer layer, consisting of rods and cones lodged in epithe- 
lial protoplasm, which is the really effective part of the retina. Of this 
we have the following evidence : — 
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1. The fact that the rods and cones must be regarded as the real 
anatomical nerve terminals of the optic neiTe* 

2. Where the optic nerve enters the eyeball and the nerve fibres 
are fully exposed to the light, there are no rods and cones. This 
part, the optic disc, cannot appreciate light, and hence is called 
the ‘‘blind spot.’^ This fact shows that the nerve fibres are 
<p\ite insensitive to light, and that we must look to the terminals 
for its appreciation. The existence of the blind spot can be demon- 
strated as follows. Shut the left eye, and hold the left thumb, at 
ordinary reading distance, in front of tlie right eye. While the eye 
is fixed on the left thumb bring the light thumb within about four 
inches of it and move it slowly an inch or so from side to side. A 
little practice soon finds a place when the right thumb nail dis- 


A 


appears. It also can be <lemonstratcd by steadily fixing the right eye 
on the small letter “ a ” and moving the page to or from the eye verj" 
slowly ; a distance may thus l»e reached when the large letter “A” is 
(piite lost. On approaching the page — the eye still fixed on “a” — 
reappears from the inner side ; on ivithdrawing the jwige it comes 
into view from the outer side. This blind spot is not noticed in 
oitlinarjj vision as we liave habitually overcome tlie deficiency since 
infancy by our judgments being derivinl from two eyes. By rapid 
movem&ib* one* eye hides the deficiency, as seen when attempting the 
experiment just described. 

3. The fact that when the eye is illuminated in a peculiar way we 
can see the shadow of the blood-vessels which lie in the inner layers 
thrown upon the outer layer of the retina, also shows tlie latter to 
be the sensitive , one. This phenoniciiou, known as Purkinje’s 
FIGURES, can he demonstrated as follows. Close the left eye in a 
dark room, with an evenly dull-coloured wall, and while you stare 
fixedly at the wall hold a candle so that the light cai^ reach the 
fundus of the eye from the side. With a little practice the least 
motion of the candle will bring out an arborescent figure on the 
wall, which exactly corresponds to the retinai vessels. It may also 
be seen by arranging a microscope so as to show a bright light—on 
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lookuig into the instroxnexit and either moving it or the head slightly 
hat ocmstantly — the shadows of the retinal vessels will be clearly 
seen as though they were under the instrument 

4 The yellow spot, where the retina is chiefly made up of the cone 
li^reri is very much the most sensitive part of the retina, and, nearer 
the ora serrata, where the rods and cones are but badly developed, 
sight is least acute. 

As in the perception of two points of contact, so we find the 
retina ceases to be able to distinguish the difference between two 
luminous points, if they be brought to a focus at a distance of less 
than *002 mm. from one another. This distance nearly corresponds 
to the diameter of the cones, and it is supposed that the rays from 
two luminous points must come upon two different cones in order to 



FJar.230 Becitlon of the retiaa at the yellow spot, Hhowmg the sttpot number of 
cones (a) at this x)oint, and the thinness of the other layer. (Oodiat.) 

be visible as two distinct objects. The cones are, liowever, very 
irregularly distributed over the retina, being packed closely together 
at the yellow spot, and scattered more and nmre widely apart as one 
pames to the peripheral parts of the retina. It is only at the yellow 
spot in fact that the cones, which here are very thin, are so close 
together as *002 mm., so that this estimation of the me of visual 
areas only"*" could hold good of the yellow spot, and towards the peri- 
pheral jwrts the power of disciimination must he much less keen. 
This is found to he thS case, for in ordinary vision everything seen 
clearly with a sharp outline must be brought upon the yellow spot. 
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This is spoken of as “ direct vision.” llie images falling on the 
other parts of the retina are but dim and Indistinct outlines, and 
these are spoken of as “ indirect vision.” 

The stimulus need only be applied for a very short time in order 
to cause a distinct sensation, for we can distinctly see a single electric 
spark ; it need only be apjdied to an extremely small part of the 
retina, as we can, by direct vision, see a very minute siieck of light, 
and a very feeble ray suffices to stimulate the retina. The amount 
of stimulation produced depends upon (1) the intensity of the light, 
i.e., the amount of light received in a given area ; (2) the duration 
of its application ; and (3) the extent of retina to which it is applied ; 
(4) the part of the retina stimulated ; (5) the darker the background 
the weaker the illumination we can distinguish, i,e., the greater the 
stimulating effect of a weak light ; (6) by fatigue the retina loses its 
ix)wer of appreciating light, and moi-e stimulus is required to produce 
a given effect. On waking, the daylight is at first dazzling, but soon 
the retina can bear the stimulus. An increase of intensity of light 
does not cause an exactly proportional increase of stimulation, for we 
find the more the light is intensified the less are we able to notice a 
fresh increment of light xintil a degree of intensity is arrived at, when 
no further addition can be detected, and the light becomes blinding. 
The less the absolute intensity of two lights the better can we dis- 
tinguish any diff’ereiu c that may exist between them. 

The effect lasts for a noticeable time after the stimulus has been 
removed, jiarticularly if the light be very intense. This can well be 
seen when a brilliant point is observed in rapid motion ; instead tf 
a point a streak of light is #een. Thus falling stam leave a line of 
light after them caused by the persistence of the stimulus, and a 
luminous body rapidly rotated give.s the impression of a circle of fire 
and not^of^a moving point. 

When the stimulus is very intense, such as is caused by an electric 
light or when we look at a bright object like the globe of a lamp 
steadily for some time, then the effect persists fora very considerable 
time, and even after the eyes ai*e shut we see a distinct image of 
the object. This is called th^ jifositive after itmye. If the retina be 
exposed to a bright light until it be fatigued, and then suddenly 
turning we gaze at a white wall, the bright part of the positive 
after image is replaced by a dark figure which is termed the negative 
after image. 

A strong stimulus applied to the retina spreads from the part upon 
which the bright image falls to the parts in i& immediate neighbour- 
hood, so that the bright object looks larger. This phenomenon is 
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called irradiatioiu It helps to explain many of the peculiaiities of 
vision. 

The question now arises, how does the retina, or rather its layer 
of rods and cones, convert light into a nerve stimulus ? It would 
appear quite out of the question that the 456 to 700 billions of waves 
of light per second could mechanically excite the nerve terminals as 
the waves of sound excite the endings of tlie auditory nerve. But 
we know that light has a very distinct action on many chemical 
combinations, such as reducing salts of silver and gold, &c. We, 
therefore, imagine that the light waves set up, in the outer layer 
of the retina, certain intermolecular niotions or chemical inter- 
changes, the result of which is that the neive fibres are stimulated 
to activity and transmit an impulse to tlie brain. In the outer layer 
of the retina the light may be said to produce a change in the retina 
which in some respects may be compared to tliat which occurs on 
the sensitive photographic plate, wdien exposed, in a camera. In 
some respects only, however, because tliere is this great difference 
that while the chemicid cliange on the sensitive plate pemists so as 
to give rise to a photograph, in the eye, on the other hand, it only 
lasts during the brief moment during which we can recognize the 
positive after image. The chemical explosion in munclc may be 
compared to tlie explosion of gunpowder, in giving rise to force, but 
not in the residt to the materials. For in muscle as the chemical 
change which causes the contraction is rapidly repaired, so in the 
retina a new sensitive plate is at once pioilueed by the restoration of 
the normal condition of the molcciiles. 

The idea that the layer of rods and c6ues lunk rgoes some chemical 
cliange on exposure to liglit whi( h suffices to induce excitation of the 
optic nerve, has received great support from the observation that u 
colour of a red or jmrplish hue exists in the outer jiai t ^f^the rods 
and that this changes when exposed to the light. But tliis so-called 
vistutl purple cannot have a very inseparable connei tion with vision, 
since it is absent where the i-etinu is inoHt sensitive, the fovea 
centralis, where there are no tckIs, and further, frogs with blanched 
eyes seem to see quite well. 

The peculiar pigmented epithelial cells of Uie retina have been 
observed to change tlieir shape slightly, and definitely to alter the 
position of the pigment gianules they contain when exposed to light. 
When we'remember how sensitive to light the protoplasm of many 
unicellular infusoria is, we cannot be sui 7 )rised tliat the protoplasm 
of the retinal epithelitim is affected by it. Moreover in the pigment 
cells of the frog’s skin we aro familiar with a change in sliajie and 
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in the arrangement of their pigment granules in response to different 
light stimuli. We know that in the nervous centres nerve impulses 
are commonly originated by protoplasm under the influences of slight 
changes in temperature or nutrition. It would be hardly too much 
to assume, then, that the retinal epithelium has some important share 
in the transformation of light into a nerve stimulus. The arguments 
pointing to the rods and cone^ tlic essential part of the retina 



Pig. 231.— Epithelial cell« of the iTtina. Been from the outer surface ; Seen from 

the side us m a section ol the retina , r, shows some rods projecting into the 
pigmented protoplasm. 

apply equally well to the pigmented epithelium, for they are so dove- 
tailed one into the other that they form but one layer. They aie 
not known to be connected u ith the nen^o fibres, but even supposing 
they be not in any way connected with the nerves they might still 
be influenced by the light, and by some kind of motion communicate 
the effect to the contiguous seuMtne nerve terminals, which ai'e 
elaborately adapted to appreciate mibtle differenthition.s of stimulus. 


Colour Perceptions. 

If a beam of pure white sun-light l>e allowed to iiass through an 
angular piece of glass or prism it is decomj>osed into a numlnu’ of 
colours which may be seen by looking tlirougli the prism, or may be 
thrown on a screen, like that of a camera. These colours, which look 
like a thin slice of a rain-bow, are together called the spectnm. 
The white solar liglit is thus shown to be a comjwund of rays of 
several colours which possess different degrees of refraiigibility and 
hence are separated on their way through the prism. The violet rays 
are the most bent, and the red the least, so that these fofm the two 
extremes of the visible spectnim. The difference of colour depends 
Tipon the different lengths of the waves, the Vibrations of violet (667 
billions per sec*) being much more rapid than those of red (456 billions 
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per sec.) Beyond the visible spectrum at the red end there are other 
rays vrhidi though they look black to the eye, are capable of transmit- 
ting heat. This thermic power is best developed in these ultra-red rays 
and fades gradually towards the middle of the spectrum. Outside the 
violet are ultra-violet rays, which, though non-exciting to the retina, 
are very active in inducing many chemical changes. Only those ether 
vibrations which have a medium length, can stimulate the retina. 

If two different colours he mixed before reaching the retina, or be 
applied to it in very rapid succession one after the other an impression 
is produced which differs from both the colours when looked at 
septirately ; thus violet and red give the impression of purple, a 
colour not in the spectrum. If aU the colours of the spectrum in the 
same proportion and with the same brightness fall upon the retina, 
the result is white light. Tliis we know from the common ex- 
l>erience of ordinary white light which is really a mixture of all the 
colours of the spectrum, and we can see it with a “ colour top ” painted 
to imitate the colours of the spectrum. When the top is spinning, 
the colours meet the eye in such rapid succession that the stimulus 
of each falls on the retina before that of the others has faded away, 
and thus many colours are practically applied to the retina at the 
same time, and the top looks nearly white. 

It has been found that certain pairs of colours taken from the 
spectrum when mixed in a certain proportion produce white. These 
are complementary to one another. The complementary colours are : — 

Eed and peacock-blue Yellow and indigo 

Orange and deep-blue Greenish-yellow and violet. 

If colours which lie nearer to each other in the spectnim thjn these 
complementary colours be mixed, the result is some colour which is 
to be found in the spectrum between the two mixed. r '* 

The perception of the vast variety of shades of colour that we can 
distinguish, can only be explained by means of this colour-mixing. 
We assume that thei^e are three primary colours which overlap one 
another in the spectrum so as to produce all the various tints. These 
are green^ and violet ; the arrangement of which may be thus 
diogtammatically explained (fig. 232). 

We must further assume that there are in the retina three spedal 
sets of nery^ teminals, each of which can only he stimulated by red, 
green, or violet respectively, and the innumerable shades of colour, 
we see, depend upon matures of different strengths of these primary 
colottze, so as to jneduce different degrees of stimulation of each set of 
nerve terminals. 
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The view that such special nerve apparatus do exist for red, greeUy 
and violet is supported by the fact that the most anterior or mAT giTial 
part of the retina is incapable of being stimulated by red objects 
which, therefore, look black when only seen by this part of the retina* 
This inability to see red may extend over the whole retina as is 



Kg. 232. — Diagram of the three Primary Sensations : 1 = red ; 2 = green ; 8 s= violet* 
The letters below are the initials of the colours of the spectrum. 

The height of the shaded part gives eictent to which the several primary 
I tions are excited by different kinds of light in the spectrum. 

found in some persons who may be said to be, red-blind. Moreover 
if we investigate our negative after images, after looking for a 
long time at a red object, we find them to be greenish blue. That 
is to say, the nervous mechanism for receiving red impressions is 
fatigued, and consequently tfiose of its complementary colour are 
easily styiiulated. 

Mental Operations in Vision. 

Our visual sensations enable us to }>erceive the existence, tlie 
position, and the form of the various objects around us. For the 
perfection of a visual perception much more is necessary than the 
mere perfection of the dioptric media of the eye, and of the retinal 
nerve-mechanisms. Besides the changes produced iu the retina by 
the light, by means of which the optic nerve is stimulated, and the 
excitations produced, by the impulses passing along the nejrve, in the 
nerve cells of the seeing centre, there must be further a psychical 
action in other cells of the cortex of the brain.^ This psychical action 
of the brain consists of a series of conclusions drawn from the 
experiences gained by our visual and other sensations. 
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Oar ideas of external objects are not in exact accord with the 
image produced on the retina and transmitted to the brain, but are 
the result of a kind of argument carried on unconsciously in our 
minds. Thus when no light reaches the retina, we say (without what 
we call thought) that it is dark ; our retina being unstimulated, no 
impulse is communicated, and the sensation of blackness arises in our 
seusorium. When luminous rays are reflected to the retina from 
various objects around us, the pbysiological impulse starts from tlie 
eye, but in the brain, by unconscious psychical activity it is referred 
in our minds to the objects around us, so that mentally we project 
into the outer world what really tK'curs in the eye. So also, from 
habit, we re-invert in our minds the image which is thrown on the 
retina by the lens, ujiside-down, and so unconscious are we of the 
psychical act that we find it hard to believe that our eyes really see 
every thing inverted, and our minds liave to reinstate them in the 
upright position. 

One of the most imjwrtaut means employed to enable us to fonn 
accurate visual perceptions is Uie varied motion whicli the eyeballs 
are capable of performing. 


^loVEMEXTS OP THE EyEBALLS. 

The eyeballs may be regarded as sjdierical bodies, lying in loosely 
fitted sockets of connective tissue padded with fat, in which they can 
move or revolve freely in all direction.*?, in a limited degree. The 
muscles which act directly on the eyeball an‘ six in numl)er. Four 
reed muscles, which ]iass from the back*of the orbit and are attached 
to the eyeball, one at eacli side and one above and below, not far 
from the cornea, can move the front of the eye to the right or left, and 
up or down respectively ; and two obIi([ue muscles which pnsi nearly 
horizontally outwards, and a little Iwickwards, ami are attached to the 
upper and under surface of the eyeball respectively. These muscles 
can slightly rotate the eye on its autero-posterior axis, the upper one 
drawing the upper part of the eyeball inwards and the lower one, as 
its antagonist, drawing the lower part inwards, so as to rotate the 
eyeball in an op|K)Hite direction on the same axis. 

The internal and external recti draw the centre of tlie cornea 
towards or^from the median line respectively, directly opposing one 
another. 

On account of the diJ^tion of the superior and inferior recti being 
different that of the axis of the eyeball, they draw the outer edge 
of the cornea, not its centre, up and down refi^tive]y,andatthesame 
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time tend to give the eyeball a slight rotation in the same direction 
as the corresponding oblique muscles. The tendency to rotation is 
counteracted by the antago- 
nistic oblique muscle when 
simple elevation or depression 
is performed. 

Thus pure abduction or 
adduction only requires the 
unaided action of the inter- 
nal or external recti, while 
direct depression of the eye 
requires the combined action 
of the inferior rectus an<l 
superior oblique, and direct 
elevation requires the superior 
rectus and inferior oblhiue to 
act together. The various 
oblique movements are ac- 
complished by various <*oin- 
bined co-ordinations of move- 
ments of the diflferent inuscleN. 

The diagram shows the 
directions towards which the 
diiferent muscles tend to draw 
the centre of the cornea from 
the straight position. 

From this it is obvious that* 
the commonest movements of 
the eye require the co-oi>era- 
tion of ditf^ent muscles. 

In the ordinary movements 
of the two eyes more tli«ni this is necessary. The two eyes must move 
in the same direction at the same time, now' to the right, now to the 
left, so that while the external rectus moves the right eye to the right 
side, the internal rectus moves the other eye in the same direction. 
We say then that the <;o-ordination of the movements of the muscles 
of the eyeball is so arranged, that the contractions of the external and 
internal recti of op|Kxsite sides always occur in association, (yid we call 
these ** associated movements.’* This association of movement has 
been acquired by the habit of voluntarily direejing the two eyes at the 
same object, and has gradually become involuntary, for few persons 



Tig, 233. — Piugi'am of the diroction of 
the action of the muscles of the e^e- 
haU, 'nhich is ahuwu by the duk 
lines. The axes of the rotation 
cauaed by the obUqno and upper 
and lower recti are shown by the 
dottetl lines. The inner and outer 
recti rotate the ball on its vertical 
axis, which is cut across. The ab- 
breviated names of the muscles are 
uihxed to the lines. 
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Lave the power of exerting voluntary control over the muscles of one 
or other eye alone. 


Binocular Vision. 

When we look at an object with both eyes we have a separate 
image thrown upon each retina, and therefore two sets of impulses arc 
sent to the sensorium, one from the right and one from the left eye. 
Yet we are only conscious of the occurrence of one stimulation. The 
reason of this is, that experience has taught us that similar images 
thrown upon some certain parts of the two retinm correspond to the 
same object, and in our minds we fuse the sensations caused by the 
two images so that they produce but one idea. 

These points of the retina which are thus habitually stimulated by 
the same objects are called " corresponding points.” 

Besides being of great use in making up for such deficiencies as the 
blind spots (which are not corresponding points) binocular vision is 
useful for the following purposes : — 

To judge of distance. When using one eye only, some knowledge 
of distance may be gathered by the force employed to accommodate, 
but a much more accurate judgment can be made when both eyes 
are used and the muscular sense of the ocular muscles, employed in 
converging the eye-balls for near objects, can be used as evidence of 
their distance. 

In judging of size, in the same way, with one eye, we can only have 
an idea of the appai*ent size of an object, w'hich will vary with its 
distance. With a knowledge of the appirunt size and of the distance 
such as is gained by binocular vision, w'e can come to a fairly accurate 
conclusion as to the size of an object. « 

To judge of the relative distances of objects so as to see depth in 
the picture before our eyes, binocular vision is necessary, li one eye 
alone is used we see a flat picture witiiout having an accurate idea of 
the relative distances of the different things we see. With each eye, 
however, we get a slightly ditfei'cnt view of each object, and thus we 
are helped to conclude os to their exact distances and shapes, so as 
to be able to arrive at fairly correct judgnicnts as to their exact 
fixnn^&c. 



CHAPTER XXXIII. 


HEARING. 

Just as iiupulnes travelling along the optic nerves can only give 
rise, in the sensoriimi, to impressions of light, so impulses communi- 
cated to the portio mollis of the seventh pair of cranial nen^es can 
only excite impressions of sound, and any stimulation of that nerve 
gives rise to sound sensations. 

The peripheral end of the special nerve of hearing is distributed to 
an organ of very i>eculiar construction situated in the internal ear, 
which, from its complexity, has been called the labyrinth. The 
nerve-ending is spread out between layers of fluid, so that it must be 
affected by very gentle forms of stimulation ; and when we know its 
delicacy, we can hardly be surprised that even sound vibrations suffice 
to stimulate this terminal to transmit a nerve impulse to the brain. 
But the organs of hearing of mammalia and man are so deeply placed 
in the petrous part of the temiK)!^! bone, that a special mechanism 
has to be adopted to convey^the soiuid with sufficient intensity from 
the air to the fine nerve-terminals. These beautiful contrmmces make 
up a complex juece of anatomy which will be briefly referred to 
presently. 

Sound. 

Before attempting to desciibe the complex mechanisms by means 
of which the sound is conveyed to the nerve-endings, some notion 
must be formed of what sound is from a merely physical standpoint. 
Without the sense of hearing one caimot form any idea of sound| 
and here the knowledge of sound ends with many people, since they 
only think of it as something they can hear. A physicist, however, 
regards sound in a different way. He knows that it is causedl 
by a kind of motion known as the vibration»#of elastic bodies, such 
as a tense string, a metal rod, or an elastic membrane. These vlbxa^ 
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tiona, being communicated to the wr, are conveyed by it to our nen^e- 
endings, where they set up a nerve impulse. The impulse is trans- 
mitted along the nerve to the brain, and there gives rise to the 
sensation with which we are familiar as sound. 

The vibrations of the air are wave-like movements depending uixm 
a series of changes of density in the gases, the particles of which move 
towards or from ono another, and transmit the motion to their neigh- 
bours, so as to propagate the sound wave. To demonstiatc these 
vibrations a special apparatus must be used. 

When a tuning fork is struck it is thrown into vibration, and a 
sound is given forth. But the vibrations ai'e often so rapid and so small, 
that the motion of tlje tuning fork cunnot be ai»prec3ated by the eye. 
But if a fine point be attached to one prong of the tuning fork — or, 
indeed, any elastic body, such as a bar of metal — and this point 
be brought into contact with a moving smoked giirface, such as has 
l)een already described for similar records, a little wavy line U 
drawn, showing that the vibrating fork moves up and down at 
an even and regular rate. Each up and down stroke indurates a 
vibration. The length of the wave, as drawn on the evenly-moving 
surface of the reconler, shows the amount of time 0 (‘cupied by each 
vibration. This is always fouml to be the same, for a tuning fork of 
a given pitch, and thus the recording fork is in constant use by the 
physiologist as an exact measure of small intervals of time. The 
pitch of the note, then, depends upon the rate or 2 )eriod of vibration, 
a note or tone of a certain pitch Indiig siinjdy a sound caused by so 
many vibrations ])er second. The tpiicker tlie vibration the higher 
the note, and the slower the deeper, until at the rate of about thirty 
per second, no sound any longer audible. Whether a notp be pro- 
duced by a metal fork, a tense string, or any other vibrating body, if 
the number of vibrations per secoiul be the same, the notcMiiUst have 
the same pitch. 

The elevation of eiich vibration as seen in the tracing made by a 
recording fork is different at different times. When the fork is first 
struck, the waves are high and w’dl marked, and the excursions of 
the reconling prong can be seen to become less and less extensive as 
the fork grmlually ceases to vibrate, and the sound becomes faint ; or 
in othor words, as the sound produced becomes leas loud, the vibra- 
tions are smaller, and the amount of excursion made by the 
vibrating body is commonly spoken of as the amplitude of the vibra- 
tion, and upon it alone def)end8 the loudness of the sound. Thus 
the pitch of a tone bears no relation to the amplitude of the waves of 
the vibration, but depends upn their rate ; while its loudness is 
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quite independent of the period occupied by the vibrations, but is in 
proportion to the extent or amplitude of the waves. 

So far only tones or musical notes have been mentioned. They 
are produced by vibrations occurring at perfectly regular periods. 
The simpler and more regular the vibrations, the purer the tone. 
But the great majority of the sounds we are accustomed to hear are 
not pure tones, but are the result of an association of vibrations bear- 
ing more or less relation one to the other. When the variety of 
vibrations is very great, their intervals irregular and out of propor- 
tion, they give rise to a dis<‘ordant sound devoid of musical tone, 
which is commonly called a noise. But so long as such commensura- 
bility exists in the rate of the vibiutions as to produce a sound not 
disagreeable to the sense of hearing, it may be called a note. 

By the use of a series of different resonators, each of which is 
cajjable of magnifying a cerbiin tone, it can be sliown that the 
clciirest iuul purest notes of our musical instruments are far from 
being simide tones, but are really compounds of one pi^ominent note 
or fundamental tone, modified by the addition of numerous over-totm 
or harmonics. If one blows forcibly across an orifice leading to a 
sjjace in which a small amount of air is confined, such as the barrel 
oi a key or the mouth of a short-necke<l flask or bottle, either a clear 
shrill or dull booming sound is heard, which varies in pitch accoitl- 
iiig to the pi’optu'tiiais of the air-containing cavity. This dull note 
is a simjde tone. It is devoid of character, and in this respect 
differs greatly from the n<»tes produced by a musical instrument. 
The notes of every instrument have certain cbai-acters or qualities 
which enable even the nio.Nt\uii)itictised ear to distinguish them from 
one aiigther. 

This peculiar* quality, which is indei>endent of the pitch (t.e., rate 
of vibTati^ui) or the intensity amplitude of wave), is caBed the 
colour or timbre of the note. It dei)ends on the number, the variety, 
and the relative intensity of the over-tones or hoimonics, which 
accompany the notes. JSu that really the timbre or quidity of a note, 
and therefore the special cluimcters of the diffeient musical instru- 
ments, is produced by their impurity, or the complexity of the over- 
tones which aid in producing them. 

All elastic bodies can vibrate, jmd therefoi'C ai-e mf»re or less 
capable of conducting sounds. Sound vibrations can be tiausmitteil 
from one boily to another placed in contact with it. Vrom a hard 
material the waves ai‘e reailily communicated to the air, and this 
is the ordinary medium by means of which sound is transmitted 
and finally arrives at our oi’gans of hearing. The old experiment 
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placing a timall bell under the glass of an mr-piimp and making the 
tongue strike it after the air has been removed, shows that the medium 
of air is essential for the transmission of the sound-vibrations. 

The transmission of waves of somid from the air to more dense 
materials, such as those which surround our auditory nerve-terminals, 
takes place with much greater difficulty than that £rr)m a solid to the 
air, and we find a variety of contrivances by w'hich the gentle waves, 
arriving at the ear by the air, are collected and inten<»itled (m their 
way to the labyrinth. 

But the medium of tlie air is not necessary in order tliat sound 
may reach the internal ear. Nor is the route through the outer 
canal, and the drum and itn membrane, the only one by which the 
vibrations can arrive at the cochlea. The solid bone which surrounds 
the labyiinth is in direct coramunicntion with all the bones of the 
head, and the sound cmi travel along these bones and reach the 
nerve-endings. This can earily bt* proved by phicing the handle of 
a vibrating tuning fork ngaimt the forehead, or better still, against 
the incisor teeth. Tlie sound, although j>reviously haixlly audible, 
at once becomes quite distinct, or even appears loud. 

This direct conducti<»n thixmgh the Inmes of the head is, under 
normal conditions, of little use to man ; but attempts have been 
made, in cases where tlie ordinaiy auditory passages were rendeied 
inefficient by disease, to gather the vibmtions on a vibrating j)late 
or tyropamim, and apply this to the teeth. This direct conduction 
of sound is, however, very valuable in determining the seat f>f the 
disease in cases of deafness. So long a clear sensation of sound 
reaches the brain through the liones of tlie head, one knows that tin* 
important nerve-en<ling« and tlndr central (connections are« unim- 
paired, and can then concliidt" that the dineast* lies in the iiiect^anical 
conducting parts of the hearing oigan. ^ 

In fishes, where the labyrinth is tlie only part of the auditory 
appaiatus which ex].sts, it is emliedded in the cranium, and the sound 
vraves arrive through the medium of wat<*r, and are directly con- 
veyed to the nerve;-endings by the Ismes ol tin* head. An air-contain- 
ing tympanum would be a great imjiediment to the hearing of these 
ammak 

CONPUCTidN OF SOUND-VIBRATIONH THROUGH THE OUTER EaR. 

The parts of the car through which the sound ( ommonly jiasses 
before it reaches the neitye, aie naturally seimruted into three, viz.: 
(1) the external ear and the auditoxy^ canal ; (2) the middle ear, 
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tympanum or drum, which is shut off from the latter by the tym* 
panic membrane ; and (3) the fluid of the labyrinth. 

In man, the ear muscles are so poorly developed that he can 
hardly move the external ear or pinna perceptibly, and the part com- 
monly called the ear is of little use. We know this, because the 
outer ear may be quite removed without mateiially affecting the 
power of hearing. Birds hear well without any outer ear, and the 
sound reflected from the pinna may be excluded by placing a little 
tube in the auditory canal without reducing the intensity of the 
sound. But the moveable ears of many animals are, no doubt, 
useful in helping them to ascertain the direction from which a sound 
anives, by catching more of the vibrations coming to their orifice. 
That the external ear may be of some use, even to man, one is led 
to believe, by tlie natui*al readiness with which a person with dull 
hearing supplements it by means of his hand. But in this act the 
ear is commonly pushed away from the head to an angle of about 
forty-five degrees, and thus its projection is considerably increased. 

The auditory caiial is a crooked and irregular passage, getting 
ratlier wider as it approaches the tymi)anic cavity. It is usud^y the 
seat of some short, stiff haii-s, w hich help to 2 )revent the entrance of 
foreign matters. It is sui)plied wdth a peculiar modification of sweat 
glands, w'hich secrete a waxy material that helps to keep the walls 
of the canal and the outside of the membrane moist and soft Upon 
the more ordinary sound-vibrations, how’ever, the auditory canal has 
little or no effect. The elastic column of air in any circumscribed 
space resounds more readily to some one certain tone, which varies 
according to the ciipacity of the space ; thus are formed resonators 
of difftrent pitch. Just as diffciviit tubes or key barrels have differ- 
ent i^tes when blow'n into, so the auditory canal has a note of its 
own, anft if the canal he short, the note is one of a very high 
pitch. When a tone of the same pitch as that to w*hich the canal 
is tuned strikes the ear, it is unpleasantly magnified, and it is said 
that such sounds are those w hich we commonly call shrill and 
disagreeable. 

The end of the auditory canal is closed by the numbratui tim- 
pani, which slopes obliquely from above dow'iiwaids and inwards, 
by which means its size is greater than if it W'ere directly across ^ 
canal. This membrane is not flat, but the central pjint is drawn 
in by the handle of the malleus, w'hich is fimly attached to it 
along its entire length. The membrane is Jthiis held in the shape of 
a very blunt cone, somewhat like a Japanese umbrella, the apex of 
w’hich points inwards tow’ards the cavity of the drum. The peouliax 
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fom of the niembiane of the dram is of great importance for distinct 
hearing. 

As every confined volume of air has a certain tone of its o^m to 
which it resonates more readily than to otheie, so a membrane of a 
given siase and tension has a certain self^tone, the vibration periods of 
which it follows with great ease. This tone varies with the tension, 
as may be seen in a common dium, the note of which can be changed 
with the tension of its parchment — ^the tenser the membrane, the 
higher the pitch. If tlie membrane of the drum of our ears were 



Fig. 23i.~-Diagraiii of the tyinpununit showing the iclaticm of the omklefi to the 
t^mponic meinhruic and the internal ear. The t>’mpaDUfa in cut through 
neudy tzanffexscly, and the cavity viewed from the front (left oar). (Schafer.) 

mJf IConliniiie of the drum to which the handle of the maUeua ia attached at v. 

head of maUeiw, whkh jx held m poxition by ita fmapenaoiy ligament 
and external ligament Le m ; i., long procewi of ineua connecting u^lcos and ni, 
etaiMe, the hose of which docica oval oiiemng of the voatibule. ex* 

ter^ auditory meatua. i.a« m, intcmal auditory moatua, whore the two porta 
of the auditory nerve enter, a and 

thus set to due tone, our bearing would be most imperfect and 
unpleasant^ for we should be w^earied by the reiteration and per* 
sistence of the note to vfhich tiie tympanic membrane was tuned. 
But this does not occur ; the tympanic membrane has no eelf*tone, 
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and no succession of vibrations follows the first effect of the sound 
waves. 

The existence of any special note of its own is prevented by its 
conical shape, which is x^&i'tly due tc» the traction of the handle 
of the malleus. If a stretched membrane, such as that of a drum, be 
drawn out at its centre so that it is no longer a flat surface, then its 
tension is different at the centre and the penpheiy, being, of course, 
greatest at the point at which it is drawn upon, and gradually 
decreasing towards the margin. Since the existence of a tone of a 
definite pitch depends uj)Ott a certain degree of tightness of the 
membrane, if no two parts of the membrane have exactly the same 
degree of tightness, then of course no one tone can be moi e consxncuous 
than another. This is the case with the tympanic membrane. 

Tlie indei)cndent vibrations of the meuibnine are fuither jireventecl 
by the tyiuxianic ossicles. These little bones do not really vibrate, 
but move back and forwards in time to the sound- vibrations. If a 
body, not capable of ^’ib^ating with the membrane of a common 
drum, be attached to it, the drum vrould not sound. A touch of 
tlie finger of the musician to the membrane suffices to check the 
sound produced by a drum. The handle of the malleus, which is 
joined to the other bones, being fixed to the membrane, acts in this 
way as a dami)er, and checks the continuance of any special vibration 
in tlie membrane of the drum. 

The small muscle attached to the malleus so as to dmw it towards 
the cavity of the drum called the tensor tynix>ani. 


Conduction of Sound-vibrations tiiroucjh the Tyaipanum. 

The fnoJions occurring in the membinne of the drum are conveyed 
across the tyiuxmnic cavity by means of the thi'ee small leones known 
as the malleus, the incus, and the .'-tapes. Together, these ossicles 
form an anguhir or tw'o-armod lever, one end of w hich (the handle of 
the malleus) is attached to the centre of tlie tympanic membrane, and 
the other (the long limb of the incus) which is the shorter arm of the 
lever, pushes the stapes against the little secondary tyinjiaiiic mem- 
brane, which fits the oval opening leading into the vestibule. The 
stiiTup bone acts as a kind of adaptable extremity to this inner aim of 
the lever, being adherent to the membrane of the vestibul^and jointed 
to the long arm of the incus. This little anmilar lever works round 
an axis which passes from before backwards mrough the head of the 
malleus, and lies above the membrane of the drum. The two points 
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wldch act as the bearings or pivots of the motion being the slender 
process of the malleus in front, and the short limb of the incus 
behind. 

When the tympanic membrane vibrates in i*esi>onse to the sound 
waves of the air, it moves in and out, and the handle of the hammer 
bone must move in and out with it. Tlie body of the incus, being 
fixed by a firm joint to the head of the malleus, must follow these 
movements, and thus they cause the little oval foot-piece of the 
stirrup to pn^ss in oi>to draw out the membrane wdiich separates the 
tympanum from tlie vestibule. Thas the vibmtions of the air com- 
municated to the tympanic membmne are conveyed across the cavity 
of the dnim to the liquid in the labyi*inth. 

A small muscle — ^the stapedius — is attached to the stapes near its 
junction with the incus, and pulls upon it in such a direction that 
the bone is drawn out of the line <d‘ motion. Tliia action, possibly, 
has the effect of reducing the effect of the more ample vibmtions of 
the tympanic membrane, w’hich might have too great an effect upon 
the liquid in the labyrinth. 

The tym|)anum is connected with the pharynx by means of the 
Eustachian tube which, though habitually closed, is opened for a 
moment by surallowing and other nndions of the pharynx. On these 
occasions air Ciin pass in or out of the tympanum easily, so that the 
pressim* on tlie two sides of the membrane of the drum is eipialised. 
When there is too much or too little air in the tympanic cavity, the 
tympanic movements are inq»eded. This difficulty is felt wdien one 
has a bad cold ; the tu1>e is occluded the inflammatory swelling 
of the mucous membrane. Or wlien one perfonns w’hat is known 
as Valsalva's experiment, i,e., to hold the nose and violentlytpuff air 
into it ; when the tubes are blown oj»en, too much air is often ividained 
in the tympanum, so that the j»resMire from within is Wgher than 
that from without, and liearing beccanes dull. If, now, the act of 
swallowing be jieiformed, the feeling of tension leaves the ears and 
hearing becomes as acute as l^efore. 

The Eustachian tube also acts as a w^ay of escape for any fluid 
that may be secreted by the epithelial lining of the tympanic cavity. 
This fluid is so nunute, that the ^^erioilic ojnming of the tube suflices, 
under ordinaiy circumstances, for its complete escape. When in- 
creased by*di»ease, however, it may collect in the tymiianum and 
require catheterisation. 

If the tube were ]>annanent]y open, we should sufier from two 
great disadvantages. In the first ]>lace, at every breath, even during 
ordinary resjdration, some little change in tension of the air con- 



CONDUCTION THBOUOH THE LABYRINTH. 607 


tained in the cavity of the drum would occur and impair the hearing ; 
and secondly, the vibrations of the air in the phaiynx, produced 



Fig. 235.—Diagrain of the membranous labyrinth, o, r, semicircular canals opening 
into the ventricle d ; the saccule fi^m which the uniting canal leads into the 
membranous canal of the cochlea, </. (Cleland.) 

by the voice, would (‘liter the drum directly, and give rise to an exag- 
gerated flhouting noi^v. 


C(7XDrCTION THROC(»H THE La^DYRIXTH. 

Every motion of the oval base of the little stimip bone causes a 
wave to pass along the liquid in the labyrinth. The bony of 
the internal ear being firm, and its contained liquid— like most 
liquids, quite incompi'ensible — the wave travels through all the parts 
of the internal ear. Through the coclilea it can arrive at the yielding 
membrane covering in the round oj^ening, which sepaiutes the cavities 
of the tympanum and the coelilea. To pass from the oval vestibular 
opening which is closed by the stapes, to the inner tympanic mem- 
brane which closes the scala tympani of the cochlea, the waves 
liave a very complex route. From the liquid lying around the 
membranous labyriiitb— the perilymph — the waves jms up tlie fluid 
in the vestibular spiral of the cochlea, and arriving at its summit, 
they descend by the tympanic spiral to the round opeidng. In this 
course they jmss at first over and then under the fluid contained in 
the membranous canal of the cochlea— end olymph — in which the 
special nerve terminations of the cochlea are placed. 

For the construction of the labyrinth the student is retired to the 
text-books of anatomy, as space only admits of a brief account of the 
special arrangements of the nerve-ending beijig given. 

The nervous mechanisms which are most important for the appre- 
ciation of tones are those situated in the cochlea. 
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The eudingd of the iien'es ivhich are found in tlie membranous 
sacB in the vestibule axe connected Vr ith peculiar epitheloid cells, to 
'which are attached tine biistle-like processes. These inocesses lie in 
tht' endolymphf and ore related to calcareous masses called otoliths. 
Waves in this endoljrmph possibly bring the otoliths into collision 
'with the hairs, and thus give a stimulus to the nerve-endings. Thus 
noises may be heard, but no fine inix>ressions of tones can be ex- 
plained. The exact use of the nerves going to the other x>art8 of the 
labyrinth — ^namely, tlje amjndlfe of the semicircular canals — is sonie- 
wliat doubtful, and possiblj^ not inunediately connected with heiir- 
ing.* The coils of the snail-shell-like cochlea ai*e throughout tlieir 
entii^e length, even in the dried state, i>artially divided into two by a 
kind of shelf projecting from iU central axis into the sx)iral cavity. 
This is called tlie osseous spiral lamina. In the Iresh state the sepa- 
ration of tlie spiiul canal into an uppei* (vestibular) and a lower 
(tymi^nic) coil is completed by a membranous x>ai*tition, which 
stretches from the bony sjiiiul lamina to the o])po«ed side of the 
spiral canal. This is called the membranous spiral lamina^ and 
forms the base upon which the sjiecial nerve-endings of the organ of 
heiuing are bj)read out An extremely delicate membrane called the 
membrane of lieissner stretches from the upx)er side of the spiral 
X)aitition obli<|uely upwanls to the outer wall of the spiral cavity, 
so as to cover the special organ, laid slmt olf that part of tlie 
vestibular coil whicli lies over the membranous spiral lamitUt 
This canal of the cochlea is triangular in secti(»n, and is separate 
from tlie rest of the spiral ca\ ity. It^ Jluur is matle ux» chiefly of the 
membitmous spiml lamina, ]jurticularly the X)ait called the basilar 
membrane, while the obli«xue roof is coni2>used of only the thip mem- 
brane of Kelssner. This sjiace follows the turns of tlie cochlea, lying 
between the vestibuloi' coil and that leading to the tyiuxiBnu^i and 
it is filled with a fluid (endolymph) which is quite siqiaiate and 
distinct from that in the v estibular or tynixuinic coils of the cochlea 
Qiei'Uyinxih). 

The cochlear division of the auditoiy nerve passes into little tumiels 
in the eentml bony column around which the coils of tlie cochlea 
turn, and it gives oft* a spiiul series of branches which nin through the 
osseous spiral lamina to reaidi the laeinbruuous iKution. A collection 
of ganglioiy^Us connected with tlie radiating nene-iibres is found 
lying in a spiral canal in the osseous lamina. Pussing through the 
bony spiral the nerves ^ooch the basilar membrane, which, as before 
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Vig, 280.— TransYCMo occtiou througli the mcmbx)»D 0 U 9 canal of the coelilea. (Cadiat.) 
ttf Striated zone of l)aailar membrane; ft, Pectinate zone of the b^lar membrane ; 
Cf Perforated zwe of basilai’ membrane through which the nerves pass ; d, Nerve 
Sbres from spiral ganglion ; e, Spiral ganglion ; /, Limbus ; Peiasner's mem* 
bzaim; h. Tectorial membrane; •, Internal roi^of Corti; External rod <rf 
Corti ; o, p, Special cells receiving nerve terminals ; Ej^thelial cella oovering 
the basilar membrane ; s, Nerve fibres ; t, Spiral ligament. 
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mentioned^ forms a great part of the membranous spiral lamina, and 
upon which the oigan of Corti is placed. 

The organ of Cortiy placed within the membranous canal of the 
cochlea, is made up of a series of peculiarly curved bars or fibres, 
called the rods of Cord, and some remarkable cells provided with 
short, bristle-like processes. The rods of Corti are fixed by their 
broad bases upon the basilar membrane, and unite above in such a 
way that the outer and inner rods together h>rm a bow or arch. The 
spiral series of rods thus pix>pped uj) against each other leave a small 
space or tunnel undec them, which runs the entire length of the 
kisilar membrane. Beside these rods of Corti are placed rows of 
cells of an epithelial tyjie into wiiich the nerve-endings pass. From 
the upper surface of these cells, on a level with the apex or junc- 
tion of the rods, a number of hair-like proce**8es project. A delicate 
reticulated membrane lies over the rods and the cells, and seems to 
be lightly attached to their surface, while the hairs pass through its 
meshes. 

The haeUar membrane is ma^le up of fibrous bands held together 
by a delicate membrane. The fibres pas> transversely across the 
spiral canal of the cochlea, so as to subtend the bases of the outer and 
inner rods. The bofolar membrane gra<lually becomes wider as it 
passes from the base to the summit of the cochlea. The length of the 
rods also increases towards the summit of the organ, their bases being 
more widely septirated from one another and their point of jimction 
nearer to the basilar membrane, so as to foim a lower and wider 
tunnel The entire number of rods of Coiti has been estimated at 3,000. 

Stimulation of the Auditory Nerve. 

The stimulation of the nerve of hearing by sound -vibrations of the 
air is less difficult to understand than the excitation ofnhe optic 
nerve by light-waves which are conveyed by an iiiiponderuble 
medium. The motions of the membrane of the dnim, being con- 
veyed in the manner already indicated to the liquids witliin the 
internal ear, pass hrat over and then under the cells connected with 
the nerve terminals, which are placed on the ehistic basilar membrane. 
The tramveree fibres are set in motion by the waves in the fluid, and 
as they vibrate they commimicate the motion to the rods of Ck)rtL 
The bases ofi the inner rods, being fixed at the inner mai^n of the 
basilar membrane, can move but little, and the bases of the outer rods 
being placed near the middle of the fibres of the membrane, where 
the motion of the vibrations is most extensive, a slight change in 
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their relative positions, and a consequent movement of the apex of 
the bow, must take place. This movement at the apex of the 
bow, where the rods join, is communicated by the medium of the 
reticular membrane to the hairs in the special auditory cells, thence 
to the nerves, where an excitation is produced which gives rise to 
the transmission of an impulse to the brain. 

But we can distinguish differences of (1) loudness, of (2) pitch, and 
of (3) quality in sounds. 

Since the loudness depends simply on the amplitude of the vibra- 
tion, we can have no difficulty in understanding how varieties in it 
can be appreciated, since the more ample the vibration the more 
marked the motion, and, therefore, the more intense the stimulation 
of the nerve terminals. What we call the loudness of a sound, then, 
simply means gretiter or less intensity of stimulation of the nerve. 

The comprehension of the perception of differences of pitch pre- 
sents greater difficulty. As already mentioned, this depends on the 
rate or j)eriod of vibrations. We know that most bodies capable of 
producing sound vibrations have a •proper tone, / that which they 
produce when struck. When the proper tone of a body capable 
of vibrating is sounded in its immediate neighbourhood, this is 
also set vibrating through the medium of the air. If a clear 
tone be sung loudly over the strings of a piano a kind of sym- 
pathetic echo will be heard to come from the chords, on account of 
the strings corresponding to the notes sounded being thrown into 
sympathetic vibrations. Now, in the basilar membrane we have 
practically a series of strings of different length — since the mem- 
brane gets wider as it passgs from below upwards to the summit of 
the cochlea — and therefore a great variety of pro|>er tones. With 
a liigR note, then, a fibre of one part of the membrane will 
readily fall into vibration, and with a low note a fibre of another 
part. DHTerent nerve fibrils are in relation to these different parts, 
and thus we may conclude that tones of different pitches stimulate 
distinct nerve-terminals, and are conveyed to the brain by separate 
nerve-channels. Impulses arriving at certain bmin-cells then give 
rise to the idea of high tones, and impulses coming to others cause 
the impression of low tonea There are about a sufficient number 
of fibres in the basilar membrane for all the notes we can hear, viz., 
from about 30 to 4,000 waves in the second. 

The rods of Corti cannot be the vibrating agents, because they are 
too few in number, and they are absent in birds, which appreciate 
and reproduce various notes. Further, the* rods are not elastic, and 
therefore not well suited to vibrate. It may therefore be concluded 
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tbat they only act as levers which convey the vibrations of the fibres 
of the basilar membrane to the nerve-endings in the auditory cells. 

The explanation of our wonderful appreciation of the delicate 
shades of quality of tones is more difficult. Even persons with indif- 
ferently good ears, as musicians say, and no special musical education, 
can at once distinguish between the quality of the same note when 
sounded on a violin, a piano, and a fiute. In examining the resound 
from a piano when a note is sung against its strings it becomes 
obvious that with ever so pure a tone a great number of strings are 
set vibrating. It will be found that not only the string which 
sounds the note vibrates but also all those strings that have a certain 
simple numerical relation to its number of vibrations. In fact, all 
its over-tones or harmonics are also sounded. Now, in the cochlea 
we suppose the same takes place with the fibres of the basilar mem- 
brane. Not only does the one fibre whose proper tone is sounded 
vibrate in response, but also all those fibres which represent the 
many and varied over-tones or harmonics of the fundamental tunc 
that reach the ear. It has already been pointed out that quality of 
a note depends on the relative number, force, and arrangement c)f 
the harmonics which invariably accompany any musical note pos- 
sessing a definite character. 

When such a note, then, arrives at the auditoiy nerve-terminals, 
one of these is strongly stimulated by the w’ave of the fundann*ntal 
tone, and many others are stimulate<l by the different over-tones. 
Thus, a complexity of impulse-s, corresponding to a mixture of tones 
of vaiying intricacy, is transmitted to the brain-cells, where it gives 
rise to the impresrion of the quality whidli we by experience associate 
with that of a violin, flute, or* piano, as the case may be. 

W'ith regard to tlie judgment of the distance of sounds, it need 
only be remarked that they chiefly depend on former exjjijriefice of 
the habitual quality and intensity of the sounds. A faint sound 
with the same quality that we familiarly attribute to loud sounds 
seems to us to be far away. Thus, sotmds reaching our labyrinths 
hy the cranial bones appear distant, and ventiiloquists deceive us by 
imitating the character of distant sounds. 

In man the direction from which sounds come is chiefly judged by 
the dlfTerence of distinctness with which they are heard Ijy one or other 
ear. When we cannot form any idea of whence a sound comes we 
nsuolly turn our heads one way or the other in order to present one 
ear more directly to the origin of the sound. When a sound is either 
direeUy behind or before \is we cannot judge w*hich petition it really 
comes from, unless thehcad1)e slightly turned to oneside or to the other. 
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CENTRAL NERVOUS ORGANS. 

The more important properties of the peripheral nerves and their 
terminals have been discussed in the previous pa$^ The central 
part of the nervous system, which remains to be considered, con- 
sists of the spinal marrow and the brain. These parts are comiioscd 
of a soft texture, the cdements of which are held together by a pecu- 
liar and very delicate form of connec- 
tive tissue, known as Neuroglia, 

With tlie naked eye the central 
nervous organs can be seen to be 
made up of two ilistiuct kinds of 
substance ; (1) a white substance, 
which is found by the microsco])e 
to be composed of nerve fibres, with 
a medullaiy sheatli, and (2) a grey 
substance, consisting of a dense 
feltwoA of naked axis cylinders, 
with ffiumerous ganglion cells in- 
terspersecftctweeu them in various 
quantities and relationsliips. 

In the bruin the grey substance 
is distributed chiefly on the sur- 
face, forming a kind of grey cortex, 
wliich follows all the iiTegularities 
of the convolutions. In the sjnnal 
cord the grey matter is situated 
inside, and the wliite outside. The 
grey substance of the cold forms separate columns on either side^ 
which run its entire length ; but is thicker iiJ the cervical and lumbar 
regions. These grey columns, together with their connection with 



Fipr. — TmoBverac soctkni of 
nerve fibre#, shovdiig the axis 
cylinders cut across, and look- 
ing like dots surrounded by a 
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the roots of tLe spinal neiTes^ divide the white substance of the 
cord into separate columns. 



1%. 2S8.— Multipolar tells from the anterior .inre>’ tolumn of the spinal cord of 
the do^-flsh {a) l 3 ring in a texture of flhzils; (&) prolongation from odls; 

(e) nerve-AbiW cut across. (Cadiat.) 

As already pointed out, the nerve fibres are simply conducting 
ebannels for the transmission of neiTe impulses fi’oiii one cell or 
terminal to anothei*. 

The nerve or ganglion cells are remarkable for their large size, their 
large clear nudeus, distinct nucleolus, and hbri Hated protoplasm. 
They have, at least, one*— more commonly several — ^processes connected 
with them, and are commonly culled uni-, bi-, or niulti-poXir cells. 
Often one of these processes is more distinct and more definite t^an the 
others, and does not sub-divide into branches like them, appears 
to l)e connected directly with the axis cylinder of a medulhited 
nerve fibre. 

The nerve-cells can conduct the nerve impulses wliich reach them 
hy any of their attached poles, and they can transmit these impulses 
on to other cells by means of their protoplasmic stmnds of intercom* 
muoicatioiL They thus frequently seem to direct an impulse coming 
by a sensoiy or afferent nerve fiom the surface back again by an 
efferent nm^ to some texture or oigan in the neighbourhood. Thus, 
the slightest stimulation of the conjunctiva causes immediate and 
inToluntary winking of dhe eyelid. This kind of transmission of an 
impulse in a direction Bering from that by which it arrived at the 
MTve-cell is called reflexion, and motions such os that just alluded to 
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are called reflex acts. Collections of cells, whose duty seems to be 
habitually to receive impulses from the perij>hery and to change their 
direction, are called reflex centres. 

Some groups of nerve-cells send forth impulses, either constantly 
or periodically, without receiving any nerve impulse from the surftice. 
Such centres are called automatic 
since they appear to act independently 
of influences from without. The only 
source of energy these cells have is the 
warmth and nutrient material carried 
to them by the blood flowing in their 
immediate neighbourhood. The vaso- 
motor centres are good examples of au- 
tomatic centres, in which the constant 
or tonic character of action predomi- 
nates. The respiratory centre is one 
from which automatic impulses art* 
rhythmically discharged by a special 
regulating apparatus. 

Besides having the power of conduct- 
ingy rejlectingy and originating impulses, 
we must attribute to the activity of the nerve-cells of the brain the 
various mental phenomena, such as feeling, thought, volition, memory, 
&c., which form of actirity may be excited either by impulses arriving 
from without, or from the sprmtaneous (automatic) action of the cells 
of the cerebi-al cortex. 



Fig. 2‘J9. 

S. Senaorr receiving organ 
with attadied afferent 
nerve fibre. 

G. Central organa— ganglion 
cells. 

1C. Peripheral organ and effe- 
rent nerve. 


The Spinal Cord. 

Being 4lie great bond of connection between the brain and the 
majority of the peripheral nerves, the spinal cord is obviously a 
conducting apparatus of the very first importance, and from the 
quantity of nerve-cells lying in its grey matter, it must also enjoy 
the function of a governing organ or nerve centre. 

These two great duties of tlie spinal marrow had better be con- 
sidered separatcdy 

I.— Spinal Cord as a Conductor, • 

From the anatomical investigation it ma^ be seen that there must 
be some special method of conducting impulses along the q^inal 
marrow, and that it is not merely a collection of the nerves or on 

^ L L « 
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aggregation of the hhres that spring from it In the first place, 
these nems, if all bundled together, would be much larger than the 
cord, even at its thickest part-; and, further, it does not taper evenly 
towards its lower extremity, as it should were each succeeding pair 
of toots a direct loss to its tMckness. 

The posterior roots of the spinal nerves pass through the white sub- 
stance to reach the posterior grey column, where they break up into 
numerous fine twigs, which are distributed to neighbouring parts 
of the grey network jf fibrils, in which they tue lost without their 



240.— Biagram illustxutmg the couwe prolwb)} takco by the iibix?8^ the nen^e- 
roots on entering’ the i^inal cord. (Chafer.) 

Anterior median flanire ; Pemterior median fissure ; c.e,j Central 

eanal; a.r.. Substantia gdatmosa oi llolando ; n.a.. Funiculi of anterior root of 
a nerve ; p,t Funiculus of posterior root of a ner\T. By following the fibres 
1 , 2i a, &C., their course through the grey matter of the spiiial coi'd nioy be traced. 

union with the cells being obvious or immediate. The fibres of 
anterior roots traverse the 8U]>eTficiul white part of the cord on 
their way to^'each the anterior grey columns, into the cells of which 
they can be dii*ectly traced. The numerous processes from these 
edk then pass into the fibrillar network which lies between the 
cells and makes up the great mass of the grey substance. By means 
of two sets of fibres (one lying in the lateral white column on tlie 
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same side, and another, which crosses at once to the other side of the 
cord) these cells are kept in communication with the parts of the cord 
above. The medullated nerve-fibres of the cord then are not directly 
continuous with those of the roots of the spinal nerves, but seem 
only to have the function of connecting the different regions or dis- 
tricts of the cord with one another, and with the brain, and they thus 
establish a near relation between the cells in the lumbar, dorsal and 
cervicjil regions cf the spinal cord, with the medulla oblongata, &c. 

Histology thus leads us to expect that the essential parts of the 
cord are — (1) innumerable fibrils in the grey matter, and (2) series 
of groups of cells all intimately connected with one another, with 
the cells in the masses of grey matter at the base of the brain (cere- 
bellum), and with the fibres in the anterior and posterior spinal roots, 
by which they ai*e related to sporadic ganglia and the various tissues 
and organs. The white fibres of the cord are then, probably, only 
need for the more rapid conveyance of impulses from one group of 
cells to some others lying in a distant region of the cokI itself, while 
the main conducting work is accomplished by the fibrils of the grey 
matter. 

Experiments have taught us the following facts : — 1. Section of the 
cord cause-^ loss of both sensation and motion in the part behind — 
speaking of a lower animal — the point of section (Galen). 2. Section 
of one side of the cord is followed by loss of sensation on the same 
side vith increased sensitiveness and loss of motion (recovering 
slowly) on the side opposite to the injury. 3. Division of the 
cord in the median line gives rise to impairment of feeling in 
a badly-defined part of flie Mirfirco, but no lo'^s of motion. 4. 
Sectictji of the posterior white columns give^ rise to the loss of 
perception of tactile, temperature, and muscle sense, but the sensa- 
tion Rf piyn can still be felt. A partial section of these ctdumns is 
fi)llowed by a local loss of touch in a part of the skin of corresponding 
extent. This lesion is complete, as if the impulses were transmitted 
directly by definite fibres in the cord from each ivgion of the skin. 

5. Section of the antero-lateral wdiite columns causes loss of 
voluntary power in a coiTespondiiig part of the same side of the body. 
If the grey matter be perfect, the power of motion is soon restored, 
showing that the grey matter can take on a function habitually 
pt*rformed by the medullated fibim The respirajpry and vaso- 
motor impulses appi‘ar to be conveyed in the lateral white columns. 

6. If the grey matter and the posti'rior white columns be quite 
cut across, the impulses giving rise in the brain to common sensa- 
tion (pain), as well as tactile impulses, are no longer carried to the 
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centres, which shows that the impulses causing conunon sensation 
travel exclusively in the grey substance. 7 . Section of one side of 
the grey matter has, however, little effect. Tlie passage of painful 
impressions is not quite lost, even if both sides be cut at different 
legiuna of the cord. The dulness of feeling is moi'eover gmaral below 
the injury ; no one spot of skin being quite anaesthetic. A kind of 
delay in transmission occui'ring from the “blocks,” as if constant 
decussation of the fibrils exists, but no direct or special channels of 
communication. If the posteiior white column be left iiibict, the 
skin may transmit tactile impulses, but not painful ones. This 
remarkable condition, called “ analgesia,” sometimes occurs in the 
human being when partially under the influence of chloroform. 


The Spinal Cord as a Collection op Nerve Centres. 

The various groups of cells in the spinal cord are in more or less 
direct union with tlie roots of the nerves, and the conducting fibrils 
of the cord itself, so that they participate in the transmission of tlie 
impulses to and from the centres situated in the brain. In the trans- 
mission of these impulses the cells seem to have a ceitain directing 
and controlling inflaeuce which deserves special attention, as it gives 
118 the key to the more complex mechanisms of the higher centres. 
Although the various powers exerted by the cells of the spinal cord 
are so intimately associated t(»gether as to be j practically inseparable, it 
is found convenient to consider their functions under distinct head- 
ings. The following division of their duties will be found useful in 
working out their genera! function, viz. : • 

1 . Their influence on afferent impulses. 

2 . Their influence over efferent implll^es. 

3 . Their automatic or independent power of originating impul*K‘ 8 . 

When an impulse — the result of some slight stimulus, such as the 

prick of a pill — arrives at the cells (*f the sjnnal coni, it is at once 
communicated to the other cells in the immeiliate neighhourlKHnl, 
and reaching some cells connected with motor neives it gives rire to 
a movement of the muscles of the neighbourlKKxl from which the 
impulse first started. At the same time impulses tmvel to the brain, 
and them give rise to a consciousness <»f the various events taking 
place, i.e., a local stimulation and a local movement. Tlie action of the 
cells of the corl takes place without the aid of the wiU, and generally 
occiiis before one is conscious of it ; it is therefore called an involun- 
taiy act, and on account off being a thiowing back of the impulse, 
these kind of movements are called reJUx ads. 
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Reflex action forms one of the commonest duties of the cells of 
the spinal cord. Even the gentlest stimulation commonly gives rise 



J41.— Diagxiim illustrating the coutho taken by tlie fibres in Uic fqiinal coiU. 
• (After Fick.) 

A, B, anf <’ leprcNcut oblique views of thn*e transverse sechoiis of the cord, the 
tissue between ishieh is supjxised to be transparent. The outline of the grey 
substance is niaikod with a line, which euclosefl the gai^lion cells. At the 
lowest section (i ), sensor)* nerve fibres («) enter by the posterior root, and after 
connection with ganglion cells of the gii*)' matter, communicate with the pos- 
terior white column, through which sonic passes directly to the brain, as shown by 
the direction of the anuw-head pointing to (/>). This is the route which offers 
least resistance to an impulse travelling to the brain tlirough the cord. Hence 
it is that traversed by weak peripheral (tactile) stimuli. 

Hy the some posterior i*oot lurive impulses at the coid which may tmverse the 
finer, more irregular and resistant fibrils of the grey matter— whown by the fine 
lines. Through tliese channels painful sensations are carried, a 

From many parts of the grey mattor of the cord ganglion cells may dispatch im«* 
pulses by the motor i-oot (d). Hence many reflex actions are arrmiged. ’When 
un impulse comes directly from the brain (voluntary centres) it adopts the direct 
route (c), which passes through the white substance of the anterior oohmuii, 
before it excites the motor ganglion cells of the cord to co-ordinated aotiyity. 
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to a eomplex morement, the execution of which requires many mnecleF^ 
to act together with, as it were, a common object. Thus, the sudden 
prick oi a pin in the finger will cause a x^erson to withdmw the hand 
quickly frw the irritafeii^ olject If a greater or more pro" 
longed stimisdiui be iqqdkd, much more extensive movements occur, 
and these are in the same way accomplished by the well-arranged 
co-operation of many musdiefl^ acting together in such a way that a 
definite and femiliar aetkai is performed. For example, if the 
burning head of a match aidhere under the thumb-nail, more than 
a mere withdrawal ^ the hand takes pLice. The entire aim is 
violently shalmi with the obvious purpose of shaking off the offending 
stimulus before the will has time to come into operation. Here, 
then, we have a complex form of coordination of purposeful muscular 
movement, as the immediate result of an impulse coming from the 
skin, and this co-ordination is the result of mutual relatiousliips exist- 
ing between the cells of the cord emidoyed in transmitting lx)th 
sensory and motor impulses. Not only is the movement a regular 
and co-ordinated act, but in many cases, os has just been mentioned, 
it is performed with a definite x^urpose, as if it were the result of 
thf>ught, but fdnee there need be no consciousness it cannot be mentnh 
All these points may be easily studied on a frog, killed about an 
hour beforehand by decapitation. If a fragment of blotting X>aper, 
moistened in weak acid, l)e placed on the skin of the body of such an 
animal, in a pomtion not easily reacbeil by the foot, a most complex 
series of movements follows first Avith one leg then the other, or with 
botk The nmaeiilar action is both elaborately ccnordinated an<l pur- 
poseful ; indeedf the movements of the*lieailless animal might be 
called ingeitioiiay and usually result in the removal (»f the oflknding 
paper. ^ 

If the degree of the stimulation be cai^dully regulated.^ t will be 
found that the results obteined by peri])hei*al stimulation <lepend on 
(a) the strength of the stimulus, and the leiigtli of time for which it 
is applied ; (b) the degree of excitability of the cells of the cord ; 
(c) the readiness with which the impulses pass along the thin con- 
ductlng channels to the grey mutter,and {d) the functional activity of 
the muscles which act os the iiidicatoi-s of the redex effects. 

By graduating the strength of the scdution of acid with which a 
Mjuare xnillim^tre of blotting pa|>er is satumted liefore it is placed on 
a ftog^sfoot, the following results are ol>taine4l : ViTieu very weak acid 
is employed only slight local and uni-lateral movement is caused* 
If steeped in stronger aci<^^ the same sized paper prodnees a series of 
reflex movements, spreading to several muscles on lx>th sides of tb< 
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body. If the stimuluB be further strengthened, the movements be- 
come violent and more extended until the whole body is tossed about 
by co-ordinated motions. The movements seem to spread from the 
local nerve cells to their neighbours, and then to reach those governing 
the corresponding muscles of the other side, in which, however, they 
are always less marked than in those of the side stimulated. This 
spreading of movement from one set of muscles to another, as the 
strength of the stimulus is inci’eased, of course, must be preceded by 
a spreading of the impulse from one group of perve-cells in the cord 
to another by a kind of radiation from the focus of excitation. 

Very slight stimulation, though not sufficient to produce immediate 
response, may, after a time, give rise to definite reflex action, as if the 
weak impulses arriving at the nen'e-cells in the cord were stored up 
until their sum sufficed to produce a definite reflex movement. This 
may also — indeed, much better— be seen in animals whose nerve 
centres are intact, for the cells of nioie remote parts exercise a kind of 
checking influence on those in the region receiving the stimulus, and 
thus the accumulative action (summation) comes more commonly 
and more effectively into play. This is seen in the human subject 
where slight visceral stimulations exist for a long time. In some of 
these cases, even without any really sen^^ory appreciation of any local 
excitation, an amount of energy may be accumulated along the gi'ey 
tract of the cord fi*om the prolonged income of impulses, that will 
bring on the most extensive form'* of reflex muscular movement, and 
give rise to serious results. These movements are generally different 
from the regular co-ordinated motion resulting at once from an 
adequate skin htimubition, and ha\ e usually a tendency to assume a 
convukiive form. As an example of this may ha named the con- 
vulsions that commonly occur in young children, from the prolonged 
initation intchtinal worms, or during the painful period of denti- 
tion, Epilej»sy and hydrophobia may possibly Ik* explained in the 
same way. 

In cei-tiuu conditions of the nervous system tliese irregular 
movements or spasms (convulsions) can be excited much more 
readily than is normally the case. As most striking among these, 
may be luimed poisoning with the alkaloid of mix vomica (strychnia) 
and the state of the blood which is produced by cessation of the 
respiratory function (asphyxia). These toxic condition* of the blood 
bring about a peculiar excitable condition of the cells or conducting 
fibres of the spinal cord, in which inipulsei seem to pjiss with un- 
wonted facility from one part to another, and give rise to an excessive 
degree of action even in response to normal stimulations, A 
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poidoned with strychnia in thrown into jijeneral spasm of the entire 
body by even the least touch, which normally would only cause it to 
withdraw the limb slowly. 

On the other hand, there are many poisons wliich seem to liave the 
eftect of dulling the reflex powers of the cord centres, among these 
are opium, chloroform, chloral, digitalin, &c. And the condition ot 
the blood which may be brought about by too rapid respiratory 
movements (apnosa), has also the effect of lowering the excitability of 
the spinal nerve cells, mid slowing respiration. 

The gieat majority or reflex actions may be prevented or controlled 
by the will, and the masses of cells in the based ganglia and medulla 
eeeni habitually to exert a checking or inhibitory action on the reflex 
actions of the spinal coixl. It is in this wav that we account for tbe 
well-known facts that in a frog wiiich has not been (Iecapitate<l it 
is impossible to induce the (»rdinary regular leflex movements, and 
that a human being, wiien asleep, shows well marked r'eflex action in 
response to a slight stimulus that w’ouhl be quite inefTectual when lie 
is awrake. We know', too, that for some little time after ])itluiig a 
frog one cannot count on constant or regular results, because the 
act of section of the upper piirt of the spinal cord acts as a stimulus 
to those channels wdiich habitually bear impidses from the brain, 
and, by exciting them, lias the sjinie iuhibifriiy efiect Further, it has 
been said that artificial stimulation of the corj^ora-quadrigeniina and 
medulla have the effect of completely checking the reflex action of 
the cord. 

It is not only impuWs coming from the Idgher centres that 
are capable of inhibiting reflex activity.* If, while the coitl is em- 
ployed in reflex action, in response to gentle cutaneous sti 2 iit|Jution, 
a large sensory nerve trunk be stimulated with an interrupted electric 
cunent, the reflex action ceases. In short, it may be acc^tecf that 
strong impulses aniving at tlie cord from any diix*ction, have the 
effect of inhibiting the action of its reflecting cells. 

The theory of reflex action lies at tbe bottom of all neivous activities, 
and it is therefore useful to attem])t to work out tlie details of the 
meehanlams by means of ivhich it is canied on. The simplest scheme 
of the channels traversed by the impulses is given in tlie diagram 
(Fig. 241), in whicli the arrow -lieads show' the dii^ction of the afferent 
impulse possgig along the posterior root of the cord to reach tlie 
cidl in the posterior grey ( olunui, thence through the fine grey net- 
woi'k, it passes to a cell ip the aiiU^rior column, to reach the efferent 
fiifre,aitd through the anterior motor root of the nerve on its way to 
the muscle. It has been suggested that the impulse meets with eon* 
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aiderable resistance in passing throngh the protoplasm ot the celhs» 
and that owing to this resistance the effect of a slight stimulus 
remains localized, while a more i)Owerful initatiou gives rise to 



Fig. 242.— Diagram of the ptithe taken by the impulHes in the biain and cora. 
vu., motor chaxmela ; hh., eenaory chw&els ; or., cranial ncrv^ 

impulses that can overcome the resistance^ and thus si^read to a 
greater number of cells, even retiching th(»se situated in a remote 
district Thus the co-ordinatiou in the coni would be simply depend- 
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e&t on the inability of the impulses to affect cells other than those 
in Iheic immediate neighbourhood, and the relation between the 
strength of stimulus and the effect would in this manner be easy 
of explanation. It hasalsobeensuggested thatthisresistanoe is increased 
by impalses arriving at the cells liem a different direction, and the 
checking or inhibitory action of the higher centres, or intense peri- 
pheral (Recitation of another part, impedes the spreading of the im- 
pulses to be reffeeted and a lesser result is obtained. 

But this view of rtsjfta%ice to and interference with the transmission 
of impulses in the nen^e cells hardly explains all the phenomena 
observed even in the i^fiex action of the spinal cord and the various 
modifications it can undeigo with varying conditions* It will, how- 
ever, help us ill formulating the mechanism if w^e suppose the resist- 
ance in the grey part of the nerve centres to be much greater than in 
the ordinary nerve channels, and that throughout it ways are so 
infinitely numerous that we can imagine every individual nerve-cell 
to be in oommimication with every other ner\'e-cell by some path 
possible of being traversed. But these paths have to he made passable 
hy use ; the oftener an impulse tniverses a given route the more 
a^pted such a route becomes for future traffic. Thus, by practice or 
the haldt of using certain sets of muscles, w^e constantly freshen certain 
channels of intercommunication between the various cells of the cord 
and thus make beaten tracks, along which impulses can pass without 
hindrance. The nen’e-piths, along which the impul8<*8, producing 
ceitaiu movements commonly performed by e\'ery individual, have to 
pass, are no doubt prepared by the long practice of our ancestor, 
and the power of performing these actions is transmitteil to us ready 
for imtnRUate application. Other paths inquired for the prc'luction 
of unusual combinations of movements have to be w orked out by the 
individual^ and much of the difficulty of learning any trade depends 
on tho necessity of making impulses readily traverse some definite 
directiimsi so as to excite certain gioups of cells to act synchronously 
and certain sets of muscles in accurately co-ordinated motion. 
Indeed^ the delicacy of manipulation required by some trades cannot 
be attiAtcd in the lifetime of one individual ; thus, it is said to take 
three generations to make a pc‘ifect glass-blower ; the grandson 
having the benefit of the hereditary tendf*ncy to ac(*omplish certain 
co-ordinatioiis acquired by the life-long habit of the jiarents. 

The reflex convulsions that occur in iniisoning with stiychnia, or 
as the result of some epnstant but slight stimulation, may^ be ex- 
plained as follows : j 

We know that, Wides the resistant thin paths of cc|inection 
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between the cells of the cord^ there also exist niedullated fibres — 
short cuts, as it were — for impulses to tmvel from one part of the 
cord to another, for the vaiious cell groups are in communication 
with those situated in the other regions, by means of fibres that lie 
in the white columns. Now, if we suppose the ordinary reflex traffic 
of the coid-cells to be carried on witliout the assistance ot these 
direct lines of communication, we must assume that there is some 
special means of shutting these fibres out of the working of the reflex 
machine. Such special mechanisms do, in all^robability, exist, and 
are in relationship with, or under the command of the inhibitory 
cells of the higher centres. We may then suppose tliat strychnia 
removes the power of these special agents, and the impulses todiug 
the direct ways from one part of the cord to another open, take these 
routes, and arc simultaneously and irregulaily difiused throughout 
all the cell territories (independent of the ordinary paths they have 
been educated to follow), and thus convulsi\ e nnjvements are excited 
in many parts of the body. 

In like manner we can imagine that the um emitting activity 
necessary to keep in djeck the impul^es arriving from a constant 
source of stimulation, such as intestinal wonns, eventually fatigues 
the active elements in this inhibitory mechanism, and then — often 
suddenly — the force of the accumulated irritation, no longer restraiued 
by the checking influence, rushes along the direct channels to all 
parts of the coni, and simultaneously exciting them brings many 
discordant muscles into sp^ismodic action. 

The reflexion of an imi)ul8e fiom a sensory nerve, through the cells 
of the spinal cord to a niotdr nerve, occupies a meiisurahle length of 
time, has been estimated at about of a second. The time 

required for the performance of a reflex act varies considerably in the 
same Indi^dual under different conditions ; of tbe^e, high tempera- 
ture and intense stimulation shorten tlie time, and fatigue or cold 
lengthen it. 


Special Reflex C’extres. 

Many of the groups of nerve-cells in the cord are employed iii 
executing defimite familiar acts essential to the animal economy 
and more or less independent of the will. Many of these acts are 
very complex, and require the co-ordinated action of certain sets rf 
muscles and the inactivity of others. Such groups of nerve-cdls have 
been called special centres, and many of them have already bemi 
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wfcrred to in the preceding chapters, where a fuller consideration of 
them may be found. The more important are : 

1. A centre for securing the retention of the urine by the tonic con- 

traction of the sphincter muscle of the bladder. This group of nerve- 
cells is probably kept in action by impulses arriving from the bladder 
by the afferent nen^es, passing from its walls to the spinal cord. The 
more distended the bladder becomes, the more powerful the stimulus 
sent to the cord, and therefore the more firmly tlie sphincter is made 
to contract. r 

2. Nearly related to the former is the centre which presides over the 
evacuation of the bladder. This is excited by impulses arriving from 
the urethra, near tlie neck of tlie bladder. It then sets the detrusor 
muscle in action, wliile tlie sphincter is relaxed by voluntary inhibition. 

3. The ejaculation of the semen may also be said to lie accom- 
plished by a special spinal centre, capable of controlling certain special 
movements, in which involuntary muscles play an important part. 

4. In parturition a number of motions are called into play (as well 
as the uterine contraction) which are so regularly co-ordinated as to 
entitle us to suppose that they are arranged by a special centre in the 
spinal cord. 

5. The act of defmcation is accomplished hy means of a spinal 
centre also. The action of this centre might (like that presiding over 
the urinary bladder) be divhled into two parts — retention and evacua- 
tion — ^in which volition and intestinal jieristalsis play a very im- 
portant part. 


AUTOMATISil. 

Besides btdng excited to action by impulses coming from the brain 
— volition — and from the surface— — the groups of cells, in the 
spinal cord may act without any obvioii'^ incoming impulse*; that is to 
aay, some of the cells are capable of spontaneous activity. Such groups 
of nerve-cells are commonly called automatic centres ; the more im- 
portant of those found in mammalia may be classified as follows : 

1, Taso-motor centres : Though the central point from which 
the contractions of the blood vessels is controlled is situated in 
the mednlla, there is no doubt that even in mammalia centres 
are distributed throughout the grey matter of the spinal marrow, 
whiidi are capable of keeping up the arterial tone in the regions 
to which they correspond. As evidence of this may be men- 
tioned the fact that the dilatation of the arteries, which follows the 
aeveranee of the lombarpart of the cord from the medulla, only lasts 
a few days, after which the vessels again contract in the usual tonic 
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manner. The arterial tonua only disappears completely and perma** 
nently when the spinal cord is destroyed. Thus, it Avonld appear— 
although habitually the vessels of all the body are regulated by a 
centre in the medulla, nearly related to the cardiac centre — ^that every 
vascular region has a nervous mecbanisni of its own in the cord, which 
suffices to keep up the tonic contraction of the muscular coat of its 
vessels as soon as the necessary new lines of intercommunication have 
been opened between the different districts most nearly related to it. 

2, Sweating centres : Though ck)sely re]|ited to the preceding, 
the centres which preside over the secretion of sweat in the lower 
port of the body and hinder extremities must, for many reasons which 
cannot now be mentioned, be regarded as separate centres. 

3, Many sets of smooth muscle-fihres appear to be kejrt in a state 
of tonic (automatic) contraction by means of centres in the cord. 
Thus, in the lower part of the ceivical cord is a group of nerve-cells 
which keep the dilator muscle of the iris imrtially contracted ; a 
narrowing of the pupil has been described as following injury of 
this region. 

4, The grey matter of the cord is also said to keep the skeletal 
muscles in a state of slight tonic contraction, either from automatic 
or reflex stimulation. 

On account of the elaborate and purposeful reflex movements per- 
formed hy decapitated frogs or eels, it has been suggested that in the 
lower vertebrates the spinal cord is capable of sensation and volition 
— mental activity — hut to follow this assumption, we should have to 
modify our ideas of volition and sensation, for which consciousness is 
commonly taken to be a necessary factor. It is, however, important 
to not% that the lower we come in the scale of vertebrate animals the 
less powerful are the mental faculties, and the more important are 
the functions that the spinal marrow presides over. 



CHAPTER XXXV. 


THE MEDULLA OBLONGATA. 

The ‘‘ oblong morrow^* is the direct continuation of the spinal 
marrow, and contains the different items in the coiistniction of the 
latter, prolonged upwaixls and mingled with some additional grey 
masses. The exact relationship of the different parts of the meclulla to 
thoseof the spinal cord may be best understood if we 8U])posethe latter, 
when it reaches its upper limit, to be split vertically on its posterior 
side down to the central c«mal, and the lateiol nais^es so tH*parated 
firom one another that the central grey part of the spinal cord 
becomes spread out on the posterior surface of the medulla i>blongata. 
The grey matter of the medulla oblongata consists, then, of two 
portions distinct from each other ; one being the direct continuation 
of the grey columns of the 8j)inal marrow, and the other being made 
up of certain grey ncxlules embedded here and there among tlie >vhite 
Btrands. These latter, as a rule, subserve special functions, while 
the continuation of the gi ey columns of the spinal coid, which ore 
spread out on the floor of the fourth ventricle, contains the neiTe 
cells that preside over the movements wliicli are most imi>oiiant for 
the every-^y business of life. ^ 

The functions of the medulla may 1^ conveniently diviikd, in the 
fiome manner as tbe^se of the cord, into its conducting power and its 
use as a central nen-ous organ. 


The Medulla Oblongata as a C’oxDccTotJ 

The various white colunins of the spinal cord are so distributed in 
the medulla that the anatomy of their coui'se gives some indi- 
cation of the clumiiels by which impulses are carried through it. 
But hexe^ as in the fspinal cord, we should xumember that the white 
fibres must be rcgaided^as the direct and rapid means o{ transit of 
impulses, while the felt-work of fine fibi*es in the grey part can also 
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conduct impulses in all directions. Though the readiness of transit 
is much lees along the thin-fibred network than vid the direct meduU 


lated routes, the com- 
plexity of paths and the 
variety of directions in 
which they lead, is 
much greater in the 
grey than the white 
substance. It is by 
means of the grey sub- 
stance that the two 
lateral parts of the 
medulla are so nearly 
related to one another, 
ivnd the local centres 
are kept in communi- 
cation with the distant 
parts. 

The posterior giey 
columns of the spinal 
cord are partly con- 
tinued on by tine 
strands into the cere- 
belluiu by its pedun- 
cles, and partly are 
carried on to the brain 
through the cerebral 
]>edim^e8. The antero- 
lateial columns aiv 
also distril^ted in pait 
tiirough the pyramids 
and ]>eduncles to the 
cerebrum, and in p.irt 
1)y the restiform IxKlies 
and peduncles to the 
cerel>ellum. In the 



Fig 24J.— Diagioni of Brain and Medulla 
Oblongata. (Cldand.) 

a, Spinal cord , bf h. Cerebellum divided and above 
it, tbe >iilve of Vionsscns partially divided ; < , 
Corpora quadngenuna; H, </, Optic thalami; 
e, pineal body ; /, /, ('oipora atriata ; f/t 
Cerabial bcmiftphores in aootion; A, Goxpus 
calloaiun; t, Formx; /, I«atcrai ventricles; 
S, Third ventricl«> , 4, Fourth ventricle*, 5, Fifth 
ventricle, hounded on each side by septum 
lumdum. 


pyramids the decussation of the anterior columns tskes place, and it 
is believed that this is the point at which the direct channels canying 
voluntary motor impulses to the skeletal muscles pass across from one 


side of tlie body to the other. . 

It must always be remembered that the medulla is the only 
route between the brain and the spinal cord, and in it some mediil« 
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lated channele cross and separate to pass to their cerebral connections, 
and the grey part of the spinal marrow is spread out on the floor of 
the fourth ventricle, and amplified by the addition of several separate 
foci of grey matter. 

The Medulla Oblongata as a Central Organ. 

A number of groups of ganglion cells with special and specific 
duties are located in the medulla; indeed, those acts which are 
obviously most impoftant for the due execution of the vegetative 
functions, are, for the most part, arranged and governed by the nerve 
cells of the medulla. Some of these centres may be called automatic, 
though they are variously affected by many impulses arriving from 
distant points, and others are purely reflex in their action. The 
former are the more immediately essential, and will therefore be 
considered first. 


Eespiratory Centre. 

The centre which regulates the motions of breathing has been 
known to be situated in the floor of the fourth ventricle at the 
iil^per and back part of the medulla ever since Flourens showed that 
injury of this spot — the vital point — ^was followed by almost instant 
cessation of respiratory movements and death. 

This centre is a good example of a so-called automatic centre ; 
that is to say, the blood flowing through the medulla and nourishing 
the cells suffices to supply them with the necessary energy for their 
jKjriodic activity, and we know that the quality of the blood reach- 
ing this part modifies the activity of the cells ; for the lessnoxygen 
and the more carbonic acid contained in the blood, the more power- 
fully does it act as a stimulant to the centre. 

Although we take the respiratory centre as an example of an 
automatic centre, its daily work is arranged by means of afferent 
impulses, so that the normal rhythm of breathing is regulated and 
maintained by reflex action. The mechanical states of the lungs — 
whether distended as in inspiration or contracted as in expiration-^ 
seem to excite the terminals of certain fibres of the vagus, which 
carry impulses to the centre, and thus excite or restrain the inspi- 
ratory movements. 

But this automatic centre can also be influenced by the higher 
centres of the brain, foi;^ by our will we can obviously regulate our 
breathing movements or stop breathing altogether for a time. And 
farther, ^e action of the respiratory centre can be much altered by 
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impulses arriving from tlie surface, as may be seen by the gasping 
inspirations which involuntarily follow the sudden application of 
cold to the surface. 

Again, the activity of the centre may be quite altered by stimu- 
lations of certain parts of the air-passages ; so much so, that convul- 
sive actions of the respiratory muscles are brought about, which 
induced some to speak of a snee'iing centre and a coughing centre in the 
medulla. But sneezing and coughing may be equally well explained 
as a peculiar fonn of activity of the respiratory centre, or a reflex 
alteration in the respiratory rhythm, caused by irritation of the nasal 
or laryngeal mucous membranes, as by supposing that special reflex 
centres exist for the purpose of sneezing or coughing. 

Though tlie action of the respiratory centre can be modified by (1) 
the will and by (2) various peripheral stimulations, and is habitually 
regulated from the periphery through the (3) vagi by the state of the 
lungs, the condition of the blood supplied to the centre may be such 
that these remoter influences may become quite powerless. This uncon- 
trollable condition of the centre is established when the blood flowing 
through it is abnormally venous and the cells become over-stimu- 
lated. We all know how short a time we can hold our breath bv 
voluntary checking of the centre, and most people have had occasion 
to observe the inordinate and painful eftbrts of a person whose 
respiration is interfered with by disease. When the dyspnoea be- 
comes intense, nearly all the muscles in the body are called into 
action. Thus, in quiet breathing comparatively few nerve cells in 
the medulla carry on the york of respiration, but under certain 
emergencies they can call to their aid the entire motor tireas of the 
grey suibstance of the spinal cord, and thus give rise to a kind of 
general effort. Hence we often hear of a convulsive centre in the 
medulla being placed in close relation to the respiratory centre. In 
cases, namely, irritation of the air passages or imperfect oxidation of 
the blood, the convulsive centre comes under the command of the 
cells of the respiratory centre, which can then excite coughing, 
sneezing, or convulsive inspiratory effort. 

As already mentioned, the convulsion of asphyxia may also, in 
part at least, be explained by the impure blood acting as a stimulus 
to the cells of the cord itself. 

The Vaso-motor Centre. 

It has already been stated that groups of cells exist in the grey 
part of the spinal cord, which, according to the class of animal, have 
more or less direct influence upon the muscles in the coats of the 
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yessds. Thus in a frog, whose brain and medulla have been de- 
Btroyed, in some hours the vessels of the web regain a considerable 
degree of constriction, which is again lost if the cord be destroyed. 
In the dog the vessels of the hinder limb also recover their tone 
mche or less perfectly in a few days after the spinal marrow has 
been cut in the dorsal region, although just after the section they 
are widely dilated from the paralysis of their muscular coats. In a 
few days, then, the cells of the cord can learn to accomplish, of their 
own accord, work which they had been in the habit of doing, only 
under the direction of the higher centre. From this we conclude 
that though the cord contains local vaso-motoi- centres distributed 
throughout its grey matter, these are all under the direction and 
control of the vaso-motor centre in the medulla, and tliis centre is 
really the chief station from which impulses destined to affect the 
whole organism must emanate. 

This arrangement is quite comj)arable with that by which the 
ordinary muscles are made to contiact. When the will causes a 
muscular contraction, the iminilse starting from the cerebral cortex 
does not travel directly to the muscle, but it j)a88es from the brain 
to certain cells in the cord and thence to the muscles. In fact, to 
these spinal agents the ultimate arrangement and co-ordination of the 
act is confided. So, also, the chief %^aso-motor centre in the medulla 
executes its orders through the medium of numeroub under centres 
placed at various stations along the cord. 

The vaso-motor centres — like nearly all other controlling groups 
of ganglion cells — must be considered to be made up of two paits 
antagonistic one to the other, viz., a constrictmg and dikitiiig centre, 
the impulses from which commonly travel along separate^' nerve 
channels. The constricting impulses are mainly distributed by the 
sympathetic nerve, while the dilating impulses generally^ run in the 
ordinary peripheral nerves, which are employed in calling forth the 
ordinary function of the part in que.stion. This is chiefly true of the 
internal organs, but in the limbs all the nerve channels are commonly 
collected together to form a single nerve. 

Prom what has been said as to the wide distribution of centres 
influencing the blood vessels, an attempt to localise exactly the 
position of the medullary vaso-motor cells is not satisfactory. In 
the lower animals — ^frogs — the cells are evenly diffused throughout 
medulla and cord. In man the localisation is diflScult to demonstrate, 
though we have reasons for thinking it much more definitely circum- 
scribed than in the lower animals. In the labbit it has been tolerably 
accurately localised to the floor of the fourth ventricle, in the imme- 
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diate neighbourhood of the respiratory and Cardiac centres. From 
this the ner\"es pass into the cord to the spinal roots, by which they 
reach the sympathetic. 

The vaso-motor centre exerts a tonic or continuing action on the 
vessels, holding them in a state of partial constriction or tone, ^In 
tliis it may possibly be said to have an automatic action. Though 
tonic state of activity of the centre may be called automatic, it is 
really under the control of many complex reliex influences, which 
constantly vary the general tone, or eftect locfil clianges in the degree 
of constriction of this or that vascular area. iSnong the most striking 
afferent regulating impulses are those arriving from the heart, the 
digestive organs and the skin. In some animals, a special nerve — 
the depressor — has been diseovered, which, juissing from the heart 
to the medulla, keeps the \'aso*motor centre informed as to the degree 
of tension, &c., of the heart cavities. When the heart becomes over- 
full, impulses pass from it and check the tonic power of the centre 
so as to reduce the arterial pressure against which the ventricle has 
to act. Electric stimulation of tliis nerve causes a remarkable fall in 
the general blood jiressure. The vaso-motor centres regulate the dis- 
tribution of blood to t lie viscera and skin, according to the condition 
of activity of these parts as described in another chapter (XXXI,). 


The Cardiac Centre. 

Although the heart beats with characteristic periodicity when cut 
off from the nervous centres, its normal rhythm is under the control 
of a group of nerve cells fli the medulla, from which some of the 
fibres pf the vagus conduct s^iecial regulating impulses. The action 
of this centre is habitually that of a restraining agent lessening the 
rate (5f th^heart’s contractions, and is hence called a tonic inhibitory 
centre (see page 222). The activity of the centre is influenced by 
the condition of many distant parts, such as the cortex of the brain, 
the abdominal viscera, &c., which exert a kind of reflex action on 
the heart through this centre. The degree of inhibitory power, as 
well as thS share taken in the action of the centre by automatism 
and reflection, differs in different animals. 

In the medulla there also exist many other centres connected with 
the organic functions. Among these the centres for ijwallowing and 
vomiting may be mentioned. For further details on this subject, the 
reader may consult the chapter on Digestion (see page 83). 



CHAPTEB XXXVI. 


THE BKAIN. 

As we pass upwards in attempting to trace the destiny of the con- 
ducting channels of the medulla, we come to the more elaborate 
system of nervous textures wliich, together, are called the brain. This 
is anatomically the most highly developed, and physiologically the 
most intricate jjart of the central nerv'ous organs. Besides the nerve 
cells and various kinds of conducting channels with which we have 
already become familiar in the cord, &c., there are in the brain a vast 
number of smaller elements which do not possess tlie distinctive 
characters of cells. These granular bodies are tightly packed to- 
gether in many parts of the centres, and must have some important 
function, which is, however, at present unknown. 

The best way to get an idea of the general plan of construction of 
the brain, is to follow its development in the earlier stages of the 
embryo, from the time Avhen it foims an irregular and thickened 
part of the tube of tissue destined to become the spinal cord. From 
this it will be seen that the brain is but a modified part of the primi- 
tive nervous axis, in which certain swellings may be observed at an 
early period of embryonic life. These swellings are called th| fore- 
brain, the mid-brain, and the hiiid-hruin, and in the futu^’e develop- 
ment of the pai*ts give rise to (1) the hemispheres and basal ganglia ; 
{ 2 ) the corpora (luadrigeiiiina, i)ons, and cerebellum ; and (3) the 
medulla oblongata. The great mass of the brain — the hemispheres — 
ore formed by an excessive development of bud-like processes which 
grow out from the sides of the fore-brain at an early period, which 
become elaborately folded, so that in the adult it is difficult to trace 
the relationship to the original form (compare p. 571, &c.). 

The cells o£the brain are, like those in the cord, grouped together 
in the complex grey substance, while the white part is made up ex- 
clusively of conducting liT;>res. The grey substance may be said to be 
distributed in four more or less distinct regions. (1.) Of these one 
can be traced along the floor of the foiu’th ventricle, from the grey 
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matter of the cord to the base of the brain, as far forwards as the 
tuber cinereum, so that it may be said to be representative of the 
grey matter forming the inner lining of the primitive nervous tube. 
(2) Then come the ganglia of the brain, which are the more or less 
isolated masses of grey substance within the brain, known as the 
corpora quadrigemina, optic thalami, corpora striata, &c. (3) The 
grey substance of the cerebellum and of the corpora quadrigemina is 
derived from the upx)er part of the mid-brain. (4) The cortex of the 
hemispheres of the brain forms the most extensive grey district, and 
must be regarded as quite distinct from the pfticeding. 

Connecting the various parts of these grey regions are sets of fibres, 
which may be classified as follows : — 

1. Those which act as channels of iiitercomniunicatioii between the 
difterent jjarts of the Siime region. These may be divided into unilateral, 
which connect together the cells of a single hemisphere, and hilateral, 
or commissural fibres, which unite the corresponding musses of grey 
matter on the two sides of the brain. 

2. Those which connect the dilierent regions one with another. 
Under this head naturally fall (1) those fibres which i>as8 between 
the cortex and the basiil ganglia ; (2) those ruiming from the cortex 
to the cerebellum ; and (3) those connecting the ahoxQ with the axial 
or spinal grey matter. 


The Mesencephalon and Cekebellum. 

In examining the functions of the brain, it will be advantageous 
to consider the various i)arts in tlie order they are found in proceed- 
ing fijpm the medulla towards the cerebral hemispheres. Between 
the medulla oblongata and the hemispheres, we thus come to a group 
of parts, mcluding tlie pons, the corpora quadiigemina, pons vai’olii, 
and cerebellum, which aiiay be called the mesencephalon, being 
developed from the mid-brain. The duties of tliis part of the 
nervous centres can be investigated by observing the actions of lower 
animals, in which the hemispheres^ have been removed, or the parts 
directly stimulated, and by noting tlie symptoms produced in man by 
lesions of this part of the brain. The fonner gives the most definite 
results, and therefore, for our purpose, deserves most attention. 

When tlie cerebral hemispheres have been removed from a frog, 
the animal retains the power of carrying out co-ordinated motions of 
much greater complexity than those perfonued by command of the 
Bpinal cord alone. But this power is not exercised spontaneously. 
That is to say, the animal can balance itself* accurately, jump, swim, 
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swallow, &c., but it only attempts these acts wlien forced to do 
so by stimulations arising from its outer surroundings. Thus on a 
flat surface it dts upright, but does not stir from the spot where it 
has been placed ; if the surface upon which it sits be inclined, so 
that its head is too low, it turns round to regain its equilibrium. If 
the^urface be further inclined, it at flrst crouches so as not to slip 
off, and then crawls upwards to And an even resting jdace. Plunged 
into deep water, it swims perfectly, but on arriving in a shallow part, 
it either rests (xuietly with its nose out of the water and its toes 
touching the ground, c^* crawls out to sit on the water’s edge, where 
it finds its balance. When touched on the leg, it jumps away from 
the stimulus, and in so doing avoids any obvious dark obstacle. It 
swallows if a substance be put in its moiith, but it does not attempt 
to eat even] when surrounded with food. In short, all movements, 
even the most complex, may be brought about by adequate 
stimulation — spmitaneity only is wanting. The pupil responds by 
reflex contraction, when the retina is exposed to light ; the eyes are 
closed if the light be intense ; and the head may follow the motions 
of a flame moved from side to side. A sudden or loud neise causes 
the animal to move. From the foregoing facts, and the power such 
a frog has of avoiding a dark object, we may conclude that the 
impulses arriving from the special sense organs are all duly received 
and excite more or less elaborate response, bnt the consciousnebs of the 
arrival of these impulses no longer exists. 

The removal of the hemispheres of birds and rabbits leaves the 
animal in somewdiat the same condition ; hut the response to the 
special sense impulses is not so definite* or w^ell marked since fhe 
animal flies or runs against even the most ob\ious obstacles. 

We may conclude, then, that while the medulla controls the 
co-ordinated movements absolutely necessary for the vegetative 
functions, the mid-hrain (including the cerebellum of 'birds and 
mammals) controls the still more complex associations of co-ordi- 
nated movements necessary for the i)erfect performance of such acts 
as balancing our lK>dies, and enables us at the same time to carry on 
elaborate co-ordinated motions wdth the ujjper extremities, or vocal 
and respiratory muscles. 

The enormous number of muscles simultaneously used in some of 
our commonest daily actions, concerning which %ve have but little 
thought, and take no voluntary trouble, shows the great importance 
of t^ part of the brain. If we take a simple example, that of 
standing in the upright ^position {equilibration) (see page 399} we 
find that a great number of muscles have to act together with the 
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most exact nicety to accomplish what, even in man, is a quite 
thoughtless, if not quite involuntaiy, action. In the frog, 
has been seen, equilibration is performed by reflex action alone. In 
man, the nervous mechanisms are probably more complicated by his 
erect attitude and the addition of the cerebellum, &c., but the^are 
nevertheless comparable with those of the frog. It may therefore 
be instructive to examine the details of the mechanisms in a frog 
deprived of its cerebral hemispheres. 

The optic lobes (which correspond to tlie corpora quadrigeiflina,, 
and also take the place of the cerebellum •of the higher animals) 
form, in the frog, the great centres of equilibration, locomotion, &c. 
If these lobes be destroyed, the animal can no longer sit upright, 
jump, or swim. The first point to determine is, whence do the 
impulses arrive which bring about these complex co-ordinations. 
The first set are those coming from the tactile sense of the skin of 
the parts touching the surface ; another set of impulses arrives from 
the acting muscles acquainting the centres with the amount of work 
done, A third set conies from the eyes, by which the position of 
the surrounding objects is gauged ; and finally, from the semi- 
circular canals of the internal ear come impulses which inform the 
equilibiating centres as to the position of the head. 

By depriving a frog of these sevenil portals by which incoming 
stimuli direct the balancing centres, it can be rendered incapable of 
any of the acts requiring equilibration, even when the regulating 
centres are intact. In our own bodies we can convince ourselves of 
the absolute imxiortance of these afferent regulating impulses arriving 
from the ear, eye, skin, and muscles. If having bent one’s forehead 
to th^ handle of a walking stick, the end of which is fixed on the 
ground, we run three or four times around this axis, and then quickly 
wall? towards any near object, we find how helpless our volition 
becomes 9 deprived of the normal incoming stimulus, for thus an un- 
wonted disturbance of the nerve-terminals in the semicircular canals^ 
has dispatched conflicting impulses to the co-ordinating centre of equili- 
bration. Further, we know that we stand less fixedly when our eye» 
are shut, Und we move unsteadily when our feet are benumbed, &c. 


Crura Cerebri. 

Piissing above the Pons Varoliij w’e come to a thin isthmus, com- 
posed of two thick strands of nerve suhstaflce connecting the mesen- 
cephalon with the cerebral hemispheres. These are called the crura 
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cerebri^ They divexge slightly in theix npwaxd eotixse towards the 
heiaiqckhere^ and lie jnst below the corpora quadrigemina) which 
have already been referred to« Minute examination of these crura 
bxingil te 1^^ an anatomical diffex^^ce which eomsponds with a 
disjm4 ;^i^siiOliegical separation between the paths taken by the 
eensScy motor impulses in each crua The lower or n^ore anterior 
part, whidi can be seen on the base of the bitiin, is called the base or 
cra$t0^ This is made up of motor nerve channels only. The pos- 
teiibr or upper part, which lies next to, and is connected witli the 
corpora quadrigemina, ^s called the tegmentum^ and is composed of 
sensory hbres. Anatomically the separation between the two is 
indicated hy some scattered nerve-cells (locus mger). The base, or 
crusta, which is the great bond of union between the spinal cord and 
the cerebral motor centres, passes into the corpus striatum ; and the 
tegmentum, or great sensory tract, is directly connected witli the optic 

Basal Ganglia. 

The great masses of grey and white matter seen on the floor of the 
lateral ventricles are called the corj^xt, striata and optic ihalamiy and 
together are spoken of as the basal ganglia. The exact relation 6 hi 2 > 
home by their functions to those of the mesencephalon and cerebral 
cortex is not perfectly understood, though it is, no doubt, intimate. 
The following ore some of the more important points in the evidence 
on the subject : — 

CouFOBA Stbiata. — The motor tracts,* coming from below, lie in 
tbe lower part of tlie crus oerebii, and thence one on eac|j side 
passes into the corresponding corpus striatuui. Anatomically, then, 
this part may be regarded as the ganglion of the motor tract ^ 

Destructive lesion of one coipus striatum is followed %y loss of 
power of the muscles of the other side of the body. This is equally 
true of lesions artificially produced in animals, and those resulting 
from disease in man. When the crura on both sides are destroyed 
the animal remains motionless and prostrate. ® 

Electrical stimulation of one of the corpora sttiata causes uni- 
lateral motions of the other side of the body. This fact, howwer, 
does not teacl^ us much concerning the fimctions of the particular 
cells of its grey matter, since the stimulus cannot be kept from 
aflecting the fibres passing through the corpus stiiatum to go directly 
to the motor tract. 

In dogs, and still more so in rabbits, the corpora striata seem to be 
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able to cany out some complex motiona which in man are belieTod to 
require the co-operation of the higher cerebral centres. It liaa 



Fig 244.— Diagrjjn of some of the paths taken by ncr\e nupulsOd m the bruin and 
epmal cord. 

C, Grey substance of cerebral cortex, c'. Gicy substance of ccrebeUum. 

Cf, Cr^ial nerves, some afferent and some efferent. 

If. Motor (efferent) spmal nerves. S. Sensory (afferent) spipol nerves, 

been stated that a dog whose cerebral cortex is completely deetifoye<l 
oan perform movements tliat in man can only be evoked by the 
cortex of the hemispheres. 
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It would ftppear then that the grey matter of the corpus striatum 
U a motor ganglion, nearly related in function to the cerebral cortex* 
The cellg of this ganglion are the hrst agents working under the 
direclllli tf the cortical centres, and carry out the organization 
«nd of wdcmtaiy pjwftor im- 

. pulses. In animala irhont heirtbphere& 

are less complexly dev^kipe^ each as 
the dog or rabbit, tbe bai^ agent 
^ seems capable of carrying on elabo- 
rate work, independent of the guidance 
of the higher motor centiee la the grey 
matter of the braim 

Optic Thalaml— T he evidence con- 
cerning these ganglia is far from being as 
satisfactory or conclusive aa that relating 
to the corpus striatum* 

Anatomically the matter is equally clear ; 
they are the ganglia of the sensory tracts, 
since the tegmentum or sensory parts of 
the crura pass directly into them. They 
form, in fact, the only rontes by which the 
impulses giving rise to the di^rent kinds 
of sensory impressions can airive at the 
cerebral cortex. But the evidence we can 
obtain by the physiological eaamination of 
sensory impressions is very indistinct in 
comparison with the obvious results we 
iind when motor tracts are excited ; indeed, 
in the complete absence of all motion, 
it is difficult to know whether^ animal 
. feels or not, as we have no sig^ to show 

whether the stimulus takes effieeit Fur- 
sMdat ther, it is difficult, as has been already 
SSfeHtoTto’ ^ stimulate any senswy ttaet with- 

PMs fitem bdo V. out the impulse being reflected to its 

motor neighbours, so a muscular move- 
ment often results from stimulation of a group of cells purely sensory 
in function. . 



PMNS fitem bdo V. 


When we take into consideration the foregoing points, and the 
fiust that it is difficult, if not impossible, to destroy a portion of brain 
substance without irritating it and the neighbouring structures, wo 
eaimot be surprised that experimenters have arrived at very con- 
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tradictory results, both by stimulating and destroying the optic 
thalami. Some find that electric stimulation causes muscular move* 
ments ; others hnd that it does not. Some authorities state that 
destruction of the optic thalami interrupts only the incoming sen** 
sory impressions ; others say it gives rise to motor paralysis. 

* Human pathology helps us but little, for it is impossible to say 
whether a given lesion simply abolishes the function of the part or 
acts as an irritant to it, or in some degree produces both these effects. 
Local lesions of the optic thalami have been met with, in some of 
which sensory, and in others, both sensory and motor defects have 
been observed in the patients. 

We must, then, remember that the occurrence of motion os the 
result of stimulation, or the absence of muscular power as the 
result of destruction of the optic thalami must not be accepted as 
conclusive evidence of the motor function of the active elements — 
the nerve-cells — of this part, because these results may depend on 
the indirect influence of the sensory impulses coming from these 
cells. 


Cerebral Hemispheres. 

It is now universally regarded as a recognised fact that in man the 
hemispheres of the brain' are the seat of the mental faculties — ^per- 
ception, memory, thought, and volition. The cerebral cortex is the 
part of the nervous system in which the subjective perception of the 
various sensory impulses takes place, and in which impulses are 
converted into impressions or mental operations. It is in the cortical 
nerve-cells the so-called voluntary impulses, causing movement of 
the skeletal muscles, have their origin. It is thus a sensory and a 
motyr organ. But it has a far wider range of function than is ex- 
pressed bg saying it is both sensory and motor ; indeed, in this it 
would be no better than the other nerve-centres in the spinal cord, 
&c. The cells of the cortex of the brain seem to differ from those of 
the lower nerve-centres (which can also receive, and at once send out, 
corresponding impulses), in this ; when an impulse arrives at the 
cerebral cells, it there excites a change, which, besides producing an 
immediate effect, leaves a more or less permanent impression ; the 
impression persists, and if the cell be well supplied with chemical 
energy in the shape of nutriment, the impression may be reproduced 
at a subsequent period. This revival of impressions, the effects of 
past stimulations, or *‘xe-collection*^ is e^cclusively the property of 
the cerebral cortex, and to it the hemispheres owe their mental 
faculties. During our lifetime sensory impulses are coutinuaUy 
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•teamitig into the eella of the cortex of the brain from the peripheral 
aensory organa. Thus innumerable impressions are left stored up in 
the aerve^ceUfl. The effect of the continuing presence of these im- 
pxessipas in the active cells is memory y and by an association, arrange^ 
men^ or s^nratton of these persisting impressions, the actinty of the 
cells ^ves rise to thought or ideation. 

In dose relation and connection with these cells of the cortex, in 
whi^ permanent impressions are stored and ideation is accomplished. 
Ate those other groups of cells which have been mentioned as being 
in direct communication with the lower motor centres, and con by 
she medium of the latter execute voluntary movements. 

It is a very remarkable fact, as far as the mental faculties are con* 
eemed, that one side of the brain seems to be suilicient for their 
perfect performance. Memory, consciousness, and thought can all 
be operative in a perfectly normal way, when one side of the brain is 
rendered incapable of performing its functions by disease or injury. 
But this is not true, as regards the reception of sensory impressions, 
or the emission of voluntary impulses. The difference between the 
mental powers and mere motor and sensory functions of the brain 
can be seen in those cases of paralysis known as hemiplegia. The 
patient is frequently fully conscious, and possesses unimpaiied power 
of thought and memory, yet he is unable to perceive the sensory 
impulses coming from one side of his body or send voluntary impulses 
to the muscles of the paralysed side. 

The cells wliich act as the immediate receivers of afferent and 
dispensers of efferent impulses to one or oilier side of the body are 
then localized to one hemisphere, and that, we have already seen,* is 
that of the opposite side. 


Localization of the Cerebral Functions. 

Whether the surfiMse of the hemispheres can be mapped out into 
small areas, each of which is set apart for a definite duty, or whether 
a comparatively restricted portion of the cortex suffices for^the per- 
fcHrmance of all the functions of the hemispheres, are questions but* 
ronnded with difficulty, and which, up to the present, cannot be 
answered with any degree of certainty. The experimental evidence 
hil^erfco bronghf forward on the subject seems, in many points, to be 
contradictory, a fact which may be explained partly by tbe difficulties 
with which such experiments are beset, and partly by different 
obseiyers being anxious to uphold with too great fervour either the 
kfcaOzation or non^Iocalization theory iu their entirety. 
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The leading experimental experiences vhicli have been reeorded 
Bxe the following : — 

1. Extensive tracts of the cortex of the hemispheres may be re- 

moved, by accident or experiment, without interfering with the^ 
cerebral functions in any marked or tangible way. Both mei^ttnd 
animals have lived for yeai's, after the loss of a considerable quantity 
of brain substance, without showing impairment of either mental or 
bodily faculties. , , 

2. Lesion of a certain part of the fronta^ lobe of the left hemi- 
sphere of man (posterior part of the third frontal convolution) has 
been so frequently followed by the loss of the faculty of speech— 
aphasia — ^that pathologists now call that spot the centre of speech. 

3. Destruction of the convolutions around and in the neigh- 
bourhood of the fissure of Eolando gives rise to temporary loss of 
power in the limbs of the other side, voluntary motion being 
abolished when an extensive area is destroyed. This loss of power is 
more obvious in animals with complex brains (man and monkey) 
than in those less highly organised (dog, cat, rabbit), which rapidly 
recover. 

4. Destruction of the surface of the posterior lobes interferes with 
tlie reception of visual impressions, and if an area, including the 
angular gyri and all the posterior lobes be destroyed, the animal 
remains blind. 

5. Extensive areas of the brain surface may be stimulated me- 
chanically, chemically, or electrically, without the least response being 
shown by the animal, to indicate either sensory or motor excitations. 

C, Stimulation of the convolutions aixnind the fissure of Eolando, 
howeyer, gives rise to definite co-ordinated movements of muscles of 
the qther side of the body. ♦ Indeed, local groups of muscles respond 
with sur^gising constancy to the electric stimulation of certain 
definite jiarts of the cortex. Tliese convolutions have thus been 
mapped out into motor centres for hind limb, fore limb, face, &c. 

From this we are tempted to conclude (1) that the cortex of the 
posterior jegion of the hemispheres is related to the reception of 
some sensory impressions ; (2) that the superior and lateral part 
in the neighbourhood of the fissure of Eolando is related to tire 
dischaige of voluntary motor impulses ; and (3) that the anterior 
lobes are not immediately suhsendent to either the siiusory or motor 
functions of the hemispheres, though the centre presiding over the 
faculty of speech is placed in this part on the left side. 

As an objection to the soundness of these conclusions, Ihe 
remarkable and undoubted fact has been urged, that no matter how 
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thcxough is the destruction of the centres, the function returns after 
the lapse of a vatiahle interval. In some instances the loss of function 
only remains for a few hours after the operation ; in other cases 
(those in which the injury is extensive and deep, and the animal 
to a class with high mental organization) the recovery is slow 
and may extend over several weeks and months. , In man and 
monkeys the function may be lost for ever, and the nerve channels, 
whj^ formerly carried the impulses to or from the injured centre, 
become degenerated. ^ 

From some of the foregoing facts — viz., the constant and regular 
response of certain groups of muscles to the stimulation of certain 
local spots of the brain surface, and the temporary destruction of the 
functions of some organ when a certain point is injured — it seems 
definitely fixed that certain local parts of the brain surface are in 
more immediate connection with certain peripheral organs than are 
others, and that these local areas have been in the habit of receiving 
(in the case of the visual impulses coming to the angular gyri) or 
sending out (in the case of motor impulses starting from the motor 
centres) impulses of a special and definite kind. 

From the other facts mentioned — ^viz., the recovery of function after 
ityuiy, or the complete absence of functional lesion — we must con- 
clude that these local areas are by no means the only agents which 
can carry on the business of receiving for the mind impulses from the 
peripheiy, and sending out voluntary impulses to the muscles ; hut 
that rather there are many groups of nerve-cells, in relation with the 
nearest sub-agents — ^the basal ganglia — which can take on the duty 
of the injured cells, and act as cortical centres, receiving sensory, and 
discharging motor impulses. In respect of this capability ^ one 
part of the cerebral cortex to cany on the duties ordinarily allocated 
to another, we have a complete analogy in the grey jjirt cH the 
spinal cord. Partial section of the grey part of the spinal cord 
(even if it be cut at two or three different levels) docs not destroy 
the sensation of any local area of skin, showing that the delicate felt- 
work of nerve fibrils in the grey substance can conduct the impulses 
in many directions, so that even when a considerable nuniber of the 
ordinary routes are blocked by section of fibrils and destruction of 
the cells at the part cut, the neighbouring channels can carry on the 
work, so that after a little time the sensory impulses are carried from 
all p^s ot the skin to the brain without delay. 

It has already* been pointed out that the function of any given 
nerve fibre depends on the function of its terminals. The fihi'e 
Itself is merely a conducting agent. In somewhat the same way the 
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f imctionB of any given nem-cell must depend on the number and 
character of its connections. If it be attached to a motoried end- 
plate in a muscle, it can only be an exciter of impulses that give rise 
to motion : if it be connected only with a sensory terminal, it can 
only be a receiver of sensory impulses. But, in the grey mat|er of 
the spinal cord, and still more so in that of the cerebral cortex, we 
may assume that all the cells are in more or less intimate connec- 
tion with innumerable other cells. In fact, we must imaginejihat 
the whole of the grey matter of both cord ^d brain is interwoven 
into a complex felt>work of fibrils and cells, which in no part are 
isolated from the rest, but that all the elements form a continuous 
system. 
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r REPHOBUCTIOK. 

OuiQis OF Malb akd Female Generative Elements. 

One of the chief characteristics of a living being is the power it 
possesses of reproducing itself ; that is to say, organisms can, under 
favourable conditions, form out of themselves other living bodies with 
similar lives and habits. 

In the lowest forms of animal life this propagation of species may 
take place by the division of a single cell ; thus an amoeba repro- 
duces its like by the cleavage of its mass of protoplasm, which sepa- 
rates the main body into two amoebse. In such a case the method of 
reproduction is purely asexiutl, the amoeba containing within itself 
the power of forming other amcDbee >vithout help from other in- 
dividuals. 

As we ascend the animal scale, we find that just as other functions 
are allotted to certain groups of cells, specially differentiated for the 
purpose, so the function of reproduction is performed by certain 
specially modified collections of cells. Further, we find the fact that 
the production of a new being requires the co-operation of two kinds 
of generative elements, each of which is commonly produced, by a 
different reproductive organ. These reproductive organs the 
higher animals are placed in different individuals of' the same 
species. This divides most organisms into male and female sexes, 
and is hence termed the sexual method of reproduction. 

The sexnal method of reproduction is met with in all the more 
highly developed forms of animal and vegetable life. -'-The male 
organ produces active elements— the spermatozoa ; the female organ 
produces the ovum, which, when fertilised by the spermatozoa, 
develops into the embryo. 

In mammalia the uterus is the most important of the suWdiaiy 
oxgans, as it is modified for the development and growth of the 
embryo : its function^ h6wever, can be performed by other organs, 
as is seen in eases of extra-uterine feetation, when the ovum de- 
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velops in some unusual situation, such as in the Fallopian tube, or 
in the abdominal cavity. 

The spennatozoa are formed by the cells lining the tubuli semini* 
feri of the testicle. These cells are cubical masses of protoplasm, 
which undergo rapid proliferation. The nuclei divide, and from 



240.— Section of the tubuli semmiferi of a rat. (Schafer.) 

a, Tubuli in which the spermatozoa are not fully dereloped. 
h, Spermatozoa more deydop^. c. Spermatozoa fully developed. 


each part resulting from this division arises the head of a spexma* 
tozoon^ and the body is developed from the protoplasm of the cell. 
The sperm^c elements escape into the tubes, and pass down the 
vasa deferentia into the vesiculae seminales, where they either 
undergo a retrograde change or are cast out of the body. 

The ovum arises from the differentiation of one of the cells of the 
germrepithelium covering the surface of the ovary. A group of 
these cells entering the periphery of the ovary, becomes there em- 
bedded in a kind of capsule derived from the surrounding areolar 
tissue of the stroma, and forms an immature Graafian follicle. One 
of the cells grows rapidly to become the ovum, the rflbt increase in 
number to form the small cells of the granular tunic. Aa the follicle 
develops, it works its way towards the centra of the ovary, and then 
approaches the periphery of the organ a-i a fuUy-developei Grar&an 
foIMcle. 
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Aficmco^cally, it is seen to be gturounded ertemaiiy by a cap* 
6ule — ^the tmkm, fibrom^ which is ili-defined from the stroma of the 
<may Sa which it lies. Beneath this is a layer of capillary blood- 





f{g. 247,— Section of the ovary of a cat, fihowingr the origin and tlie dwdppment of 
Chraaflan follicles, (Cadiat ) 

a. Genn-Dipithetiiun. e Ovtiin, 

h, Qxaafiip foUide partly developed. /. Vitelline meiiibraiie, 

c, Earliest ffflfxn of Graafian follicle. q YevoB 

d. Well dev&iped Graafian folhcle. A, u Small vessds cut across. 

vesselsi the tunica vascuiosa, and to these two coats collectively the 
term tmdea propria is applied. 

Inside the tunica propria are granular cells of small me, which 
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occupy a coneideiable space in the follicle ; they are heaped up at 
one spot to receive the ovum, which lies embedded in their 
These cells receive the name of the tunica granulosa, and their pro* 
jecting portion, which encircles the ovum, is called the discus pro- 
ligerus. Filling up the remainder of the follicle is a iluid^the 
liquor folliculi. The surface of the ovary is covered by columnar 
cells, which are continuous with the endothelial cells of the peri- 
toneum, When the follicle is fully matured, it lies at the periT ^ ry 
of the ovary beneath this layer of cells, whigh separates it from the 
abdominal cavity. 


Menstruation and Ovulation. 

After puberty, at intervals averaging about four weeks, the genital 
organs of the female become congested, and at the same time a 
Graafian follicle is ruptured and its contained ovum set free. Co* 
incidently with the rupture of the follicle, the fimbriated extre- 
mity of the Fallopian tube becomes closely approximated to the 
spot where the follicle lies, so that the ovum instead of falling into 
the abdominal cavity, passes into the canal of the Fallopian tube, 
down which it is conveyed to the uterus. 

The usual place for the ovum to meet the spermatozoa, and to be 
impregnated, is the Fallopian tube. 

When the ovum reaches the uterus, if it be unimpr^gnated, it is 
cast out with the surface cells of the mucous membrane of the uterus, 
which are destroyed, and escape along with a sanious fluid. The 
whole of these phenomena constitute a menstrual act. 

If, however, the ovum become impregnated, it remains in the 
Fallopian tubes some days, during which time the mucous membrane 
of the uterus becomes so hypertrophied and developed as to retain 
the ovum when it reaches tliat organ. 

The human ovum is a cell consisting of a mass of protoplasm 
enclosing a nucleus and a nucleolus, and surrounded by a cell-wall. 
On its ou^r surface is an irregular layer of cells, the remains of that 
part of the tunica granulosa which encircled the ovum in the Graafian 
follicle. The cell-wall of the ovum is called the vitelline mevnbrarie 
or %ona pellucida, and the mass of granular protoplasm it encircles, 
the vitellm or yolk, and in this is a nucleus — ^the gtrnvmil vesicle^ 
which contains a nucleolus — the germinal spot. 

Beneath the outer covering of calcareous material of the li^*s 
egg there is a white membrane, which encloses a transparent albu* 
minous substance known as the white of egg. Inside this is a 
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fluid iiias^ the jolk, wMch is surrounded by a delicate 
oMibrane^ the vUdlim mmbrane. The yolk is made up of two 
irsri^ties cd material of different shades of colour, the 'white and 
the yellow yolk* Of these the yellow forms the greater part, the 
while being arranged in thin layers, which separate the yellow yolk 
into strata. In the centre of the yolk it forms a flask-shaped 

mass, with its neck turned to 



the upper surface, upon which 
a portion of the yolk called 
the dcatricvla rests. This ci- 
catricula, which lies between 
the vitelline membrane and 
the white yolk, is the active 
growing part of the egg, and 
out of it is developed the 
chick and the embryonic 
membranes. 

Extending through the al- 
bumin from the vitelline 


Jig. 248.— Ovum. (Eobin.) 

A, Zona pellucida or viteUine membrane. 
Yolk. 

«. Germinal reside or nudeus. 
d* Genninal spot or nudeolus. 
e. mterval by the retraction of the 
viteUns from the zona pellucida. 


membrane to the ends of the 
egg are two twisted mem- 
branous cords — ^the chalazcBy 
wdiich fix and protect the 
delicate yolk from shocks, 
but allow it to rotate, so that 


the cicatricula is always the 
uppermost part of the yolk when the egg is on its side. 

The main structural differences between the human ovum and that 


of a fowl are apparent from the above description : the essentjal pe- 
culiarity of the development of the hen’s egg is that only a portion of 
the yolk is engaged in the tormation of the first signs of the chick 
and its membranes, by far the greater part of the egg both yolk and 
albumin being utilised in supplying the nourishment during the 
subsequent stages of development. 

After the egg has been laid, it obtains no help from the outside 
world, except the oxygen of the air and the heat of the mother’s 
body ; it is, as it were, fenced in with a protecting membrane, garri- 
loned with fh6 quantity of provisions required, and by the warmth 
of the hen’s body stimidated to growth and activity. 

The whole of the human ovum, on the other hand, undergoes seg- 
mentalicn and differentiation in the primary formation of the embryo, 
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which eubsequently is supplied with the necessaxy nourisfafoeiit 
from the maternal circulation. The life and growth of the human 



Fig. 249.— Diagiam of a section of an nnimpregnated fo^^VB egg. (Fiom Foster and 
Balfour, after Allen Thomson.) 
bl. Blastodenn or cicatricula. a. Shell. 

fff.i/. White yolk. h Air space. 

f/.l/. Yellow yolk. >t\ The white of the egg. 

chJ, Chaloza. « it, Vitelhne membrane. 

Ixmer layer of shell membrane. x The denser albuminous layer which 

«.t^ Outer layer of shell membrane. hes neiLt to the yitdUne memlnttne. 


embipyo, in fact, depends entirely upon supplies fromtlie mother, 
the ovum wot liaving within itself any store of nutrient material. 


Changes in the Ovum Subsequent to Impbbgnation. 

The fiAt clianges in the ovum independent of impregnation 
consist in the shrinking of the yolk from the vitelline membrane, 
and the extrusion from it of certain granular bodies which lie 
between it and the vitelline membrane, and are sailed the 
glohtdes. The germinal spot and germinal vesicle also disappear, 
and ore thought, by some observers, to form these polar globules. 
After the union of the male and female* elements a new nucleus 
appears in the vitellus which forms what is called the s^mentotiou 





MAKUAL OF mmOhOGY. 


TUb divides at first into two segments^ then into four, 
eighti dbcteen^ and so on, until a large moss of cells occupies the 
yMi, To this condition the name of mortda is given, lix>m its sup- 
posed likeness to a nmlbeny. Fluid now collects among the cells. 



Fig* 2dO*‘~'Seotioiis of the ovtim of a rabbit showing the turiiution of the blasto* 
dennic yeside. (£. Van Beneden.) 

0 , S, d, are ova in saeoeaBive stages of development. zp, Zon^pelludda. 

fet, Betomeres^ or outer colls. ent, Entomeres, or inner cells. 

and separates some of them from the others, and tlie cells arrange 
themselves into an outer layer and an inner layer, consisting of 
different kinds of cells. The inner cells finally become aggregated 
at one part of the ovum m contact with the outer cells* The ovum 
now receives the name of the blastodermic vesicle^ 
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In the hen’s egg the cleavage is confined to the dcatricula or 
blastoderm, and does not include the rest of the yolk. Such an 
ovum, £rom the fact that the deavage of the yolk is only partial^ 
receives the name of Tnerohlastic, The human ovum, which under* 
goes complete segmentation, is called a holobiastic ovum. ^ 

The cells in the blastodermic vesicle become arranged into three 
definite layers, which are called respectively, from their position in 
the blastoderm, the epihlast, the mmblast, and the hypohlagt. 

From these layers are developed the emljpro and the membranes 
surrounding it, each layer being developed into certain tissues and 
forming these only. 

Thus from the epiblast, or outer layer, arise the epidermis of the 





Figr. 261 .— Transverse section of the medullary groove, and half the blastoderm of a 
chick of eighteen hours. (Foster and Balfour.) 

A. Epiblast. fuf* Medullary fold. 

B. Mesoblast. me. Medullary groove. 

Hypoblast. ch. Notochord. 


skin, the brain and spinal* cord, and certain parts of the organs ot 
special sense ; whilst it also aids in the formation of the chorion and 
the jmnion. From the mesoblast are developed the skeleton, the 
connectiv^issues, the muscles, the nerves, in addition to the vascular 
system and the supporting tissue of the glands ; one kind of tessel- 
lated cells arise from this layer, viz., the endothelium, forming 
the suiface of all serous membranes. From the hypoblast springs 
the epithelial lining of tlie alimentary canal, of the glands which 
are diverScula from it, and of the lungs ; it also forms the lining 
membrane of the allantois and yolk sac. 

The blastoderm of the hen’s ovum, which is comparatively easily 
studied, consists of a small clear central portion, called the area 
pelhwidaf from which the body of the chick arises. Surrounding the 
area pellucida is a much larger zone, whic^ appears less transparent ; 
this, the area opacay is devoted to the formation of the membranes. 
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The embsyo is developed from the rest of the blastoderm in the 
foUowing manner. At the front of the area pellucida a fold, or 
dipping in of blastoderm takes place ; this consists of a project- 
ing part or fold above and a groove below, and constitutes whit is 
kno^ as the cephalu or head Ibid. The upper projecting portion 
of the fold tends to grow forwards, whilst the groove grows 
gradually backwards. Later on, another fold appears at the posterior 
parjb of the area pellucida, this is the tail fold. At the sides of the 





Fig. 252.— Biagiaxnxnatic longitudinal section through the axis of an embryo chick 
(Foster and Balfour.) 


.V.C. Neural canal, 7/if. Heart. 

Ch, Notochord. jtp. Pleuroperitoneal cavity. 

D, Foregttt. Am. Anmiotic fold. 

F.8o. Somatopleare. A. Epiblast. 

F.8p. Splanchnppleure. B. Mesoblast. 

8p. Splanchnopleure forming the (\ Hj'poblast. 

lower wall of the foregut. i 


c 

area pellucida folds appear, which tend to grow downvrards and in- 
wards so as to reach the under surfuce of the blastoderm and hnite 
with the head and tail folds. 

By the approximation of all these folds a canal is formed — the 
embryoTial sac — ^which is closed above by the main portion of the 
area pellucida, in front hy the head fold, behind by the tail fold, at 
the sides by the lateral folds, whilst below it is open to the vitellus. 
This canal ultimately becomes subdivided into an inner tube, tlie 
alimentary tract, and an outer one, w'hich forms tlie body walls, the 
final place of ipiion of the folds being marked by the umbilicus. It 
must be clearly understood that these primary folds which form the 
embryo include in their layers the epiblast, the whole thickness of 
the mesoblast, and the Hypoblast, whereas the folds giving rise to 
the membranes do not comprehend all these layers. 



Di:VfiI.0PJC1ZNT OF !rH£ HSMBEANES. M6 

Fobmation of the Msmdbanes. 

(1) The Amnion,--l!h.e mesoblast around the embryo becomes 
thickened, and is split into two distinct layers ; this cleavage is at 
first confined to the neighborhood of the embryo, but gradually 
spreads over the whole blastoderm. ^ 




Big. 253 and the following two woodcuts are diagrammatic views of sections, 
through ijhe developing ovoxn, showing the iormation of the membranes of the 
lird*8 chie^ (Foster and Balfour.) 

A, B, C, D, £, and F are vertical sections in the long axis of the embryo 
at different periods, showing the stages of development of the amnion and of the 
yolk-sac, 

1., IL, XU., and IV. are transverse sections at about the same stages of 
devdopn^pit. 

1., ii., and iii. give only the posterior part of the longitudinal section, to show 
ihrM stages in the formation of the allantois. 

s. Embryo. vu Vitelline membrane, 

y. ToUc. a/, Amniotio fold. 

pp, Fleuropetitoneal fissure. al, allantois. * 


The upper of these two layers of the bl(j|btoderm receives the name 
of the somaiopkure, and is engaged in the formation of the body 
walls of the embryo and the amnion. The lower one is called ibe 
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and foims tbe walls of the alimentary canal, the 
^antois, and the yolk-sac. The space intervening between these 
layers is called the pleuroperitoneal cavity. At a point in front of 




e. Smltfyo* 
a» AmBioa. 
d\ AJimsatary eaaal. 
vL YlteL^ membrane. 


a/. Anmiotio fold. 
ae, Amniotic cavitf. 
y. Yolk. 
al, AUaatoie. 


the cephalic fold, an upward projection of somatopleure takes place, 
conyeying with it the overlying epiblast. Along the sides of the 
embryo and behind the caudal fold, projections of the somato- 
pleural mesoblast and epiblast also occur. Thus folds are developed, 
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consdsting of somatoplearal mesoblast and of epiblast, which tend 
to grow upwards and meet over the back of the embryo. These 
folds are the ammotic folds, and each of them presents two sur- 
faces, one looking towards the embryo and the other towards the 
vitelline membrane. As they meet over the back of the embi^o 
the folds become fused, the membranes looking towards the embi^o 
joining to form the amnion proper, whilst those next the vitelline 
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Tig. 254.— Diigiammatic sectioiua of an embryo, showing the destiny of the yoik-sao, ys, 

vt, ViteUine membrane, pp. Pleuroperitoneal cavity, ac. Cavity of the amnion, 
a, Amnion. a\ Alimentary canal, ya, Yolk*«ac. 

membroi}^ unite to form the false amniony which, separating from 
the amnion proper, retires towards the vitelline membrane, with 
which it unites to form the primitive chorion. 

The true amnion then is a sac formed of an outer layer derived 
from the mesoblast and an inner layer derived fi^m the epiblast. 
The Mse amnion likewise consists of mesoblast and epiblast, but 
here the epiblast is external. The true amnion is continuous 'with 
the skin of the embryo, and when the foetus is mature, the 
nection may be traced by the umbilical cord, arotmd which it 
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loamma dieath to be oontinnonB mtb tbe ekin at the umbilicus. TMs 
mmbWLcniB sae eulaigesy and in mammalia eventually becomes the 
latge htig of liquid which contains the foetna The amniotic liquid 
is of kwiqKMufic gravity, consisting mainly of water containing traces 
of nitogenous matter, and also phosphates and chlorides. 



Fig. 255.— Diagrammatic longitudimi.1 section of a chick on the fourth day. (Allen 

Thomson.) 


ep, Exnhlast. 
hy, Hypoblast. 
Somatopleure. 

v. m, Splanohnoplenre. 

qf. pf. Folds of the amnion. 
pPf Heuroperitoneal cavity. 

am. Cavity of amnion. 
alt Allantois. 


a, Position of the future anus. 

ht Heart. 

i, Intestine. 

vi, Vitdline duct. 

ySf Yolk. 

8t Foregut. 

ntf Position of the mouth. 
met The mesentery. 


It contains albumin and some other nitrogenous constituents^ and 
a minute quantity of urea, which is thought to be deiived from the 
foetal kidneys. 

This fluid preserves the child from the effects of any jolts or jars 
caused by the movements of the mother, and similarly protects 
the uterus of the mother by acting as a buffer between the foetus 
and the uterine walL Before delivery it helps to dilate the os 
uteri, so that when the amnion is ruptured the head of the foetus 
occupies the opening which has been gradually made by the fluid 
wedge. The outer part of the amniotic membrane, derived from 
the mesoblast, of a tougher character than the inner epithelial 
layer, and it is said to possess muscular fibre and to be capable of 
rhythmical contractionB. 

(2) The Yafk 8ae is that part of the blastoderm which grows and 
envdops the yolk, which previously was only surrounded by the 
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vitdHne mem1>raiie. After the mesohlast haa split into two laym, 
the splanchnopleure becomes bent inwards at a point some diata p oe 
from its origin, carrying with it the hypoblast. By this curve an 
upper constrict^ canal is differentiated from the large lower cavity. 
This upper canal becomes eventually the alimentary tract, the 
lower cavity the yolk-sac, whilst the constricted portion leading 
•from the one to the other is the canal leading from the intestine to 
the yolk, called the ductus vitello-intestinalis. 

At first the splanchnopleure encloses only the upper part dT the 
yolk, but as development proceeds it grows afound, and at last com- 
pletely encircles it. The yolk-sac is thus derived from the splanch- 
nopleuTfid layer of the mesohlast, and its lining hypoblast. 

The yolk is continually used up for the nutrition of the embryo, 
and its covering shrinks in size, becoming smaller with the growth 
of the foetus, until eventually it forms but a shrivelled protrusion 
from the intestine, lying in the umbilical cord. 

The importance of the yolk-sac diflers largely in mammalia and 
birds. In man it is not highly developed, as its place is early 
supplied by the placenta. In birds, however, it develops to a much 
higher degree, being the seat of a special circulation, which car- 
ries nourishment from the yolk to the chick. The vessels are 
developed in the mesoblastic portion of the membrane, and are 
called the omphalo-mesenteric vessels, which convey blood to and from 
the primitive heart. 

(3.) The allantois, or nrinary vesicle, in the chick is of import- 
ance, as the vessels developed in it are used for respiratory pur- 
poses, being spread out bcftieath the porous shell. In the mamma- 
lian embryo it is still more important, as it is the seat of the 
circufition, which performs the chief function of the foetal placenta. 
The h-llantois arises at the tail of the embryo, as a budding out- 
wards of if^rtion of the splanchnopleure forming the wall of the 
primitive intestine. It is lined by hypoblast, and projects into the 
pleuro-peritoneal cavity. As it grows away from the embryo it ex- 
tends between the layers of the true and false amnion and approaches 
towards tke vitelline membrane, but remains connected to the in- 
testine by a narrow tube. When it reaches the periphery of the 
ovum, it spreads over the chorion as a complete lining, and sends 
processes into the villi of that organ. It becomes chiefly developed, 
however, at that part of the chorion which is opposite the decidua 
serotim of the mother. In the mesoblastic layer of the allantoii 
blcK>d-yessels arise whi(h are connected witfi. large trunks, proceeding 
from the primitive aortse, called the umbilical arteries ; ^se 



660 MANUAL OF PHTSIOLOGY. 

will) however, be farther described when treating of the festal 
placenta. 

As the fosttts becomes developed, the part of the allantois in con- 
nectiem with the body becomes gradually obliterated. A part of it 



Eig. 250.—Diagram of an embryo, sbowing the relationship of the vascular allantois to 
the villi of the chorion. ‘ (Cadiat.) 

0 , lies in cavity of the amnion under the embryo. S, Yolk-sac. e, AUantois* 

df Vessels of the Allantois dipping into the villi of the chorion, e, ChoriiSL. 

• 

remains as the urinary bladder, and the rest forms a fibrous cord, 
which runs from the apex of the bladder to the umbilicus, and is 
known as the urachus, 

(4) The Chorion is the external covering of the ovum. At first it 
consists simply of the zona pellucida or vitelline membrane, and 
then it is called the priniitive chorion. Later, however, it is sup- 
plemented by the part of the somatopleure removed fipom the em- 
bryo in the precess of forming the amnion. This blends with the 
primitive chorion and strengthens it, and while lying beneath the 
zona pellucida, receives the name of the subzonal membrane. 
The chorion at first is a smooth membrane, but villous processes 
early grow out from it. These villi are chiefly developed at 
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itd tipper part, where they aid in the formation of the fcdtal 
placenta* 

The aSantoie, when it has spread over the diorfon, becomes 
blended with this membrane, and hlls the villous processes with the 
blood-vessels it contains. 


The Placenta. 

T/i« placenta is a most important organ to the mammalian eijfbryo. 
It conveys not only nourishment but also oa^gen from the maternal 
blood to that of the foQtus. It is, of course, necessary that the 
animals whose ova do not contain large stores of food, should in 
some way provide the substances necessary for the life of their em- 
bryo, and it is by means of the placenta that this is brought about* 
The embryo of oviparous animals does not require a placenta for 
its nutrition, since inside the egg is a large store of highly nutritious 
albuminous and fatty materials ; the shell is pervious to air, and 
the chick’s blood can in the allantois be oxydised by the air directly. 
A bird’s egg contains in itself all the necessaries which the placenta 
supplies, and when impregnated only requires the heat of the mother’s 
body to develop a chick. 

While an ovum is descending the Fallopian tube, the mucous mem- 
brane of the uterus becomes turgid, and, as before mentioned, if the 
ovum be tinimpregnated it is cast out of the body, part of the sub- 
stance of the lining membrane of the uterus is desquamated and 
discharged with a fluid largely composed of blood. This takes place 
approximately every four Weeks, and hence is called menstruation. 
If, hjwever, the ovum be impregnated the mucous membrane of 
the uterus not only becomes turgid, but its cells proliferate, and 
considerable thickening of the tissue takes place. The mucous 
membraneous then called the decidim. When the ovum reaches 
the uterus it ordinarily Itecomes embedded in that part of the 
decidua which occupies the fundus of the uterus. The decidua 
here grows excessively, and becomes much thickened, and on either 
side of ttei ovum a projection is sent from the decidua which meets 
below the ovum, and completely encircles it. 

To tlie membrane lining the general cavity of the uterus the name 
decUm vera is given, whilst that part lining the fundus, to whioh 
the ovum is attached, is called the decidua motim, its processes 
surrounding the ovum receiving the name of the decidua refiem* 

The placenta is developed from two sWees, one arising fiom 
the membranes of the foetus, and the other belonging to the mother# 
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Fig* $57.'^6eiriei ab diagrams renresenting the relationship of the decidua to the 
ovum at different peitods. decidua are coloured bla^, and the ovum is shaded 

taaarreraelty, Xa4 and 6 the Tascular processes of the diorion ore figured (oopled 
hrom Daltcm)* 

1. Onim ffitering the oongestdd mucous membrane of the fandua-*decidua serotina* 

2. Beoidua reflexa grosnim round the ovum. 

8. CknapMonof Ihedeoimmaara^^ 

4. Oenend growth of villi of the chorion. 

8. 8pec^ growth of viUi at placental attaduaenti and i^irophy of the rest* 
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Bdcdim^ of ^ foetal to tnaterml placeiUw^-^The maternal part 
is formed fsom tbe decidua serotina, which becomes much thickened 
and very vascular where the placenta is attached. The foetal 
placenta is derived from the chorion, which sends out a iiutu«« 



IFig*. 25$,— Antero postedor section throug’h a gravid uterus and ovum of five weedes 
(scmi-diagrammatic}. (AUen Thomson.) 


rt. Anterigr wall of uterus. 
p. Posterior wall of uterus, 
in. Muscle substance. 
ff. Glandular layer. 

Ba. l>ecidua serotina. 


r. Decidua refleica. 

V. Decidua vera. 
eh. Chorion. 

U.U. Uterine cavity, 
c. Cavity of the cervix. 


her of finger-like processes, which sub-divide, and into which 
the allantois, as it spreads over the cBorion, sends prolonga* 
tions. The mesoblastic layer of the allantois gives rise to the 
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Cfq[^kri68 which are in these processes. The capillaries spring 
fim the hronchea of the timbilical arteries which pass along the 
mnlrilieal cord to reach the chorion. The vessels of the decidna 
aefotina or maternal placenta end in large sinuses, lined by en- 
dothe^al cells. The blood is carried to these sinuses by the uterine 
arteries, and from them by the uterine veins. The walls of the 
sinuses are provided with nnstriped muscular tissue, which can close 
the i?^let8 from the arteries, and thus shut out the blood. The 
viUi of the fcDtal placepvta, dipping into these uterine sinuses, are 
covered with a single layer of thin scaly cells, so that the footal 
bloodv is only separated from the maternal by the walls of the 
capillaries and these thin cells, and thus the interchange of nutrient 
materials and gas readily go on between them ; it is very similar 
to the conditions of the lung alveoli, where the blood is separated 
from the air with which it interchanges gases by the cells of the 
capillary wall and of the lung alveolus. 

Though the capillaries of the fmtus are in such close relation 
to the blood of the mother, it must be distinctly understood that 
there is no direct communication between the vessels of the foetus 
and those of the mother, and therefore it is not possible to inject 
the vessels of the mother through those of the foBtus, or vice 
versd. 

The nutrient materials from the maternal blood together with 
oxygen diffuse through the walls of the fcetal capillaries, the 
effete matter, on the other hand, passing from the capillaries to the 
blood in the veins which surrounds and ^bathes these vessels. The 
placenta increases with the growth of the foetus till shortly before 
birth, when it is said to undergo a certain amount of degenera- 
tion. It is cast out of the uterus after the expulsion of the fcetus 
with the membranes attached to it. It is, however, onlj^the super- 
fil^ial layer of the maternal placenta (which is intimately connected 
with the foetal placenta) that is cast off, the deeper layer remaining 
in ther uterus, and undergoing various changes during the reduction 
of this organ to its normal size. ^ 

After ligature of the umbilical cord, the intimate relationships 
of the maternal and foetal circulations cease, and it is thought that 
this eauses the inlets of the xiterine sinuses to contract, so that 
when the placehta separates from the uterine walls, the arterioles 
leadingl to the sinuses are contracted and possibly occluded with 
elota. The uterine blood current is thus prevented from escaping 
into the uterine cavity after parturition, and causing profuse 
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The uses of the placenta may be briefly summed up as — 

(1) JLliwntaTy^ as it supplies the place of the alimentary 
canal. 

(2) Se^ratoryf as it performs the function of the lungs. 

(3) Excretory^ as it does duty for the kidneys and some other 
excretory organs. 



CHAPTEE XXXVIII. 

DEVELOPMENT OP THE SPECIAL SYSTEMS. 
Development op the Vertebral Axis. 


The earliest evidence of the differentiation of the blastoderm 


consists in the appearance of the primitive streak 'which forms the 

first sign of the embryo. 



This is a line which ap-* 
pears near what is to be 
the tail end of the embryo, 
and runs forwards. This 
primitive line or streak 
IS due to the thickening 
of the mesoblast, and it 
becomes converted into a 
groove by a dej^ression 
appearing in its centre, 
forming the primitiie 
yroove. This extends in 
a for\vard direction, but 
never reaches the ^ead 
lold of the embryo, which, 
in the chick, appears a 
few hours afteif the for- 
mation of the primitive 
groove. 

In front of the primitive 
groove, and stretching 


^a.'^View of the area pellucida of a chick 
of elflrhteen hours seen from above. (Poster 
fuod Balfour.) 

A4, Kediil]ary«fblds. 

me* Medulla^ groove. 

ft. Primitive t^Ksak and groove* 


backwards to overlap it at 
the sides, arise two folds 
of the epiblast, called the 
laminm dorsales or the 
medullary folds* 


These are elevations of *the epiblast, beneath which the meso- 
ig thickened. They arise in front, where they are joined 



Pig. 261.—ft>ansyerso section of on embryo of a chick at the latter end of the sdtond 
day. (KoUikor.) 

rti;. Hedullary fold. dd. Hypoblast, 

r/. l^oduUary groove. p, Fleuroperitcmeal cavity. 

h, ‘l^iblast. sp. External plate of mesoblast dividing. 

a«. dlbrta. ^mp. Froto-vertebral plate. 


medullary groove into a channel — the vnedullary canal ; this unioli 
of the folds takes place from before backwards. » 

The medullary canal thus formed lies in the axis of the embtyo 
on the uncleft mesoblast ; it is covered in superficially by several 
layers of epiblastic cells, which also line its walls. The canal is^ 
the earliest representative of the nervous centres, and eventually 
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hwmm die bmin md spinal cord. The front piurt of the canal, 
wheti completely closed in, becomes dilated into a bulb, Ihus 
fmning the earliest indication of the brain. The hind part of the 
medullary groove lemaius unclosed considerably later than the fore 
pa^ It, however, gradually becomes converted into a canal at the 
tail ehd, and as it extends backwards it obliterates the primitive 



Kg. 362*— TnuBverse section ihnmgh the embryo of a chick on the second day where 
the tneduUary canal is closed. (Kolliker.) 
vtr. UeduUazy canal. hpU Somatopleure. 

h. JE^blast. Splanchnopleiire. 

nwK Cavils of protovertebra uw. sp, Pleuropcritoiieal cavity*. 

ung, Wolffian duct. dd. Hypoblast. 

mp, Hesoblast diTiding into cA. Kotochord. 


streak and groove, which are lost, and take no x>enuauent part in 
the formation of the embryo. 

Beneath the medullary canal the cells of the mesoblast are altered 
to form a rod-shaped cellular body, which following the line of the 
canal lies in the axis of the embryo ; this is the chorda dorsalis or 
mftockord. 

Supporting the medullary canal on either side of the chorda dor- 
salis ore masses of mesoblast, somewhat quadrangular in sectionj 
which ore termed the miebral plates; continuous with these externally 
are other thinner masses of mesoblast called the lateral plates. 

The lateral plates become divided into an upper part or somato* 
pleure, which is in close relationship to the epiblast, and a lower 
part^ the splawdimpleuref which is next to the hypoblast ; the space 
between these being the pleuroperitoneal cavity. The vertebral plates 
become separated from the lateral plates by a longitudinal iikrtition, 
so that on either side of the neural canal is a mass of undivided 
•mesoblast extending laterally towards the divided mesoblast. 

In each vertebral plate there appear transverse vertical inter- 
ruptions at definite intervals which split the plate up into a number 
of quadrangular blocks of mesoblast, known as the protovertdfroi ; 
the number of these corresponds to the number of vertebxm of 
the 
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THheae pxotovertebro become subdivided hy transverse fissures into 
external parts^ the mmele plateB, which iorm eventually the dorsal 
and other muselesy and internal parts which become the permanent 
vertebras. 

From these inner portions processes of mesoblast grow upwards 



Fig, 2S3.— Bmbiyo chick at the 
end of the second day seen 
from below. (KOlliker } . 

VJi. Fol^brain. 

Ab, Optic vesicles. 

Ch. Notochord. 

II* Heart. 

cm* Omphalo-mescnteric 
veii^ 

Vd. lower openingr of 
foregut. 





Fig. 204.— Division of the vertebral 
column of a chick. (KOlliker 
after Eemak.) 

1. Notochord. 

2. Points of separation of the 
original protovertebrae. 

3* Points ii division of the pexv 
nument vertebra). 

4. Arches of the vertebrm. 

5. Spinal ganglia. 

t , Body of first cervical vertebra. 
d. One of the lower vertebne. 


over the medullary canal to meet with processes from the proto- 
vertebne of the opposite side. Mesoblastic tissue also grows in- 
wards between the medullary canal and thp notochord, and between 
the notochord and the subjacent hypoblast 

- These projections beneath the notochord meet wit!) projections from 


S66«^Tiaxi8verie section through the dorsal region of an embiyo chick of fony-flve 
horns. (Focler and Balfour). 


A. %fbliMt. 

4r.«. SfieduUary canal. 

P,v* Broto^v^rtehrse. ® 
Wd, Wc^Kandiict. 

Z'tonrapeiitoneal oe.vity. 

Somatopleuk. 

£)]^laiiohDopleore. 


v.tr. Vessels. 
a,o* Aorta. 

S. Hesoblast. 


0, Hypoblast. 

Q,p. line of union of opaque and 


of the white yolk. 
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B mass of the mesoblast, which lies between the protovertebne and 
the cleft mesoblast^ which is known as the intennediate cell mftiML 
The portions of the protovertebrje above the medullary canal form 
the arches of the vertebrae ; from those surrounding the notochord 
the bodies of the vertebrie are developed. 

The outer part of each protovertebra divides into an anterior or 
pre-axial part^ from which itrises the ganglion of a spinal nerve^ 
and into a posterior or post-axial part. ^ 

After this the original lines of separations Jjetween the protoverte- 
bne disappear, and tlie spinal column is fused into a cartilaginous 
mass. New segmentation now appears in the centre of each original 
protovertebra, midway between the primary divisions. Thus the 
vertebral column is divided into a number of component parts, each 
of which is destined to become a permanent vertebra. 

The vertebrro do not then correspond to the original protover- 
tebrse, but rather to the i)osterior half of that which lay in front of the 
primary division joined to the anterior half of the one behind. The 
ganglia of the spinal nerves, therefore, by this arrangement, instead 
of belonging to the front of the vertebra become joined to the posterior 
part of the vertebra, to which they belong. 

The notochord atrophies with ossification of the vertebrm, and 
finally is represented only by a mass of soft cells in the centre of an 
intervertebral disc. 

In connection with the vertebrw in the dorsal region, processes 
grow horizontally, these are the rudiments of the ribs. 


^ Development of the Central Nervous System. 

Spiml (JonL 

Soon aftd^ the closure of the medullary or neural canal at its 
anterior or cranial end, it is dilated in this region into three vesicles 
known as the first, second, and third cerebral vesicles, from wliich 
the brain is developed. The s])inal cord is formed from the part of 
the medullary canal which lies over the chorda dorsalis. The 
meduUaiy canal is lined by columnar cells derived from the epi- 
blast, which, shortly after they are shut off from the general epiblast, 
develop at the sides of tlie canal, so as to narrov^ the lumen of 
the tube by the increase in thickness of its sides. The upper and 
lower parts of the canal do not, however, become thickened. The 
lateral walls approximate to the centre, ^decreasing laterally the 
lumen of the canal, which becomes narrow in the middle with a 
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dilatadoa alxtrs and below. Tbe lateral walls of the canal, thus 
approximated, unite in their centre, and convert the mednllaxy canal 



Eig. 200.— Transverse section of the spinal column 
of the hnman embryo of from nine to tea 
weeks. (KOUiker.) 

ffm. Dura mater. 

Columns of GoU. , 

jK Posterior column. 
j>r. Posterior root. 

«a. Arch of vertebra. 
if. Ganglion of a spinal nerve. 
a. Anterior column, 
ar. Anterior root. 

Notochord. 


into two separate tubes, 
a dorsal and a ventral 

The lower or ventral 
tube of the divided canal 
becomes the central canal 
of the spinal cord, and the 
columnar cells of the epi- 
blast form a lining of cili- 
ated columnar epithelium. 

The epiblast at the lower 
part of the canal becomes 
converted into the anterior 
grey columns, in connec- 
tion with which arise the 
anterior roots of the spinal 
nerves ; whilst at the 
upi)er i)art the posterior 
grey columns are fonneil 
in connection with the 
posterior roots of the 
spinal neiTes and their 
ganglia. 

The white columns are 
thought by some authors 
to be derived from the 
inesohlast surrounding the 
canal, but by others they 
are assigned to the epi- 
blast. 


ft. Body of the vertebra. Xhe upper or dorsal 

«. Spmal nerve. it. ^ i 

C. Centwd canal. canal becomes converted 

«. Epithelium of canal. into a ilssure ^y the ab- 

sorption of its roof, and 

is thus changed into the posterior fissure of the spinal cord. 

The anterior fissure is formed by the downgrowth of the anterior 
columns, which diverge, leaving between them an interval which 
becomes occupied by the pia mater. 

The commissures are not formed between the lateral halves of the 


cord tintil later. The grey commissure appears first. 
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Vig. 267.— Traiutverse section of the spinal cord of a chick of seven days. (Foster and 

Balfour ) 

<p. Epithehum lining the medullary canal, ii/. Part of the cavity of the meduUary 
canal which becomes the postenor fissure. spr. Feimanent medullary tube or 
central canal of the spinal cord, aqe Anterior grey commissure. nf Anterior 
fissure, not yet well formed, c. Tissue filling in the upper part of the postenor 
fissure, pc. Cells forming the postenor grey matter, pew. Postenor white column. 
it Mesoblast surrounding thermal cord. lew. Lateral white column* arw. An-* 
tenor white coliunn. ac. Cells forming the antenor grey matter. 

* The Brain, 

Anterior cerebral vesicle . — As alieady mentioned, the brain is 
formed frcfln the primitive neural cand, the anterior part of which 
Wcomes dilated into thiee little swellings called the anterior, 
middle, and posterior cerebral vesicles. From the anterior, or first 
cerebral vesicle, at an early period spiing two processes, which be- 
come the* optic vesicles. These ultimately become developed into 
the retina and other nervous ports of the eye, with the history of 
which the changes occurring in them will be described. 

The optic vesicles are ^splaced downwards two processes 
growing forwards from the anterior cerebral vesicle, which becomes 
divided into two parts, the anterior of which is subsequently de- 
velop^ into the cerebral hemispheres and the olfactory lobes, while 
the hinder part receives the name of thalamencephalon. 

The cavity of the ^alamencephalon opens behibd into the cavity 
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of ibe middle oerebtal hemisphere, and in front it commnnkates 
witiitheHoUoirraditiieiits of the oexebia! hemi* 
spheres^ and eventually it becomes the cavity 
of the third ventricle. The floor of the thala- 
mencepholon is ultimately developed into the 
optic chiasma and part of the optic nerves, as 
well as the infundibulum. The latter comes in 
contact with a process from the mouth, which 
is ultimately chanp^ed into the pituitary body. 
The anterior part of the roof of the thalamen- 
cephalon becomes very thin, and its place is 
finally occupied by a vascular plexus, which 
persists iu the roof of the third ventricle (cho- 
roid plexus). The pineal gland — a peculiar 
outgrowth, of unknown function — is developed 
from the posterior part of the roof of the tha- 
lamencephalon and from its sides, which be- 
come extremely thickened, are developed the 
optic thalaniL 

The primitive cerebral hemispheres first 
appear as two lobes growing out from the 
front of the anterior part of the firat cerebral vesicle. The floor of 
these lobes thickens to give rise to the corpora striata, and the roof 



a vcrtioal longitudinal section of tho dev^o^mg brain of a ver- 
tebrate anttnal, shciwing the relation of the three cerebral vesicles to tt^ different 
parts of the adnlt brain. (Hnxley.) 

Olf, Olfhctory lobes, Foramen of Monro. Os, Corpus striatum. Th, Optic 

thalamus. JP.n. Pineal gland. M.b. Mid brain. Oh. Cerebellum. Mo. Medulla 
C3 oblongata. Mmp. Cent^ hemispheres. Th.E, Thalamencephalon. JPp. Pitui* 
tarybody. Corpora Cluadrigemina. <7.C7. Cruraoerebn. P.F. PonsYarolii* 
J.—XII. Begiems from which spnng the cranial nerves. 1. Olfactory ventricle* 
2, lateral ventricle. 8. Hind ventncle. 4. Fourth ventnde. 

4eveliDps into the hemispheres proper. The cavities of these lobes 
become the lateral vent^cles, and are connected by means of the 
foramen of Munro^ which at the earlier periods is very wide^ but sub- 
eeqii^tly becomes narrowed to a mere slit Thecerebral hemispheres 



Fig 208.~I)iagramof the 
oerebtal vesicles of the 
brain of a chick at the 
second day. (Cadiat.) 
1, 2,d, Cerebral vesicles. 
0. Optic vesicles. 
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flue eepaxated by the ingrowth of a septom, which is nltimately 
formed into the falx cerebri. The hemispheres are then greatly en-* 
larged in the b^kward direction, so that they quite overlap the 
thalamencephalon and the ports developed from the middle cerebral 
vesicle. The corpus callosum is subsequently formed by the fusion 
of tlie juxtaposed parts of the hemispheres. • 



14 . 270 .— Diagram of a horizontal section of a vertebrate brain. (Huxley.) 

Olf, Olfactory lol^. Lt, Lamina terminalis. Cs. CoipuB striatum. Tk, Optic 
thalamus. JP,n, Pineal gland. Mb, Mid brain. Cb, Cerebellum, ilfo. Medulla 
oblongata. % 1. Olfactory ventride. 2. Lateral vcntride. a. Hind ventricle. 
4 . Fourth ventride. + iter a tmtio ad quaitum ventriculum. 

From the anterior part of the cerebral hemispheres arise two pro* 
longations, which develop into the olfactory bulbs, these grow for- 
wards, anc^soon lose their cavities which at first communicated with 
those of the ventricles. 

Middle cerebral vesicle , — By the cranial flexure the brain is bent 
at the junction of the first and second cerebral vesicles, the first cere^ 
bral vesicle is thus turned downwards, leaving the second vesicle as 
the most anterior part of the brain. 

The upper walls of the second cerebral vesicle are developed into 
the corpora quadrigemiiia. 

The cavity of this vesicle persists as a narrow channel, and forms 
a communication beti^^een the third ventricle in front and the 
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fauxtb veaMek Mtind, and receives the mme ia the adult hmixi 
of the iter a cd ^pmrtum mUricdmw The crura cerdtai arise 
£c0m the kurer wall of this middle vesicle. 

The iMrd eer^yred vesicle is divided into an anterior and a posterior 
part, Fjx^m, the upper pait of the anterior division arises the cere- 
b^unii and j&om its lower part the pons Varolii. 

The posterior division gives rise to the medulla oblongata. 

The cavity of this 



vesicle is called the 
fourth ventricle. It is 
continuous with the 
central canal of the 
spinal cord. Its upper 
wall is thinned and 
forms the valve Viens- 
sens. It communicates 
with the subarachnoid 
space through the fora- 
men of Majendie. 

Figr. 271.— Chick on the third 
cbky seen from benealh as 
a transparent object, tbe 
head being turned to one 
side. (Foster and Balfour.) 
a\ False amnion. 
n. Amnion. 

CH. Cerebral hemi^here. 
F.n,f M,B,, Anterior, 

Middle, and Posterior cere- 
bral vesicles. 
op. Optic vesicle, i 
ot. Auditory vesicle. 
o/o, Omphalo - mesenteric 
veins. 

m. Heart. ^ 

Ao, Bulbus arteriosus* 

Ch, Notochord. 

Of,a, Omphalo -mesenteric 
arteries. 

Pv, Froto-verte)^. 
r. Point of diveigenoe of the 
qplandmopleural folds. 
y. Termination of the fore- 
gut, V. 


The JLmmentary Canal and its Appendages. 

When the blastoderm is bent at its anterior extremity to form the 
cephalic fold, it closes inr and forms the anterior boundary of a short 
eanaly the upper wall of which is formed by the general blasto- 
dem, and its lower wall by that p^ of splauchuopleure 
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irhiich xam backwards, leaving the aomatopleUre, to form the 
pletmHperitoDed space. It then toms forwards to meet with the 
tmcleft mesobiast, forming the wall of the yolk saci which commtmi* 
cates freely with this rudimentary part of the alimentary tract. 

This canal becomes closed in for a considerable extent, and is 
then called the It is the precursor of the pharyiTk, the 

lungs, the oesophagus, the stomach, and the duodenum. The mouth, , 
which at this period is unformed, is developed later by an involu« \ 
tion of the epiblast and the removal of the tissue between th^fore- : 
gut and the buccal cavity. • 

The tail fold, in a somewhat similar manner, shuts off a canal 
called the hind-gvi, which becomes developed into the posterior part 
of the alimentaiy canal. This hind-gut until the further development 



Kg. 272.--A 


ntary canal of an embxyo 'whilst the rodimentary mid-gut is stiU 
continuity -with the yolk sac. (ESlliker after Bisohoff.) 


A. Vieuf/rom belowt 
a. Pharyngeal plates. 
h. The pharynx. 

e.e. Diverticula forming the lungs, 
d. The^lomac^. 

/. Diveirtioala of the liver, 
y. Uembnme tom from the yolk sac. 
h. Bind-gat. 


J9. LmgUudincU Section, 
a. Diverticulum of a][lung. 
h. Stcmaoh. 
r. Liver. 

d. Yolk sac. 


of the bladder, &c., is in connection with the allantois which arises as 
a bud &om the lower part of the rudimentary hind-gut. 

Between these two canals an intermediate one is formed by the 
splanchnopleure of the mesoblast, which, at a distance from its origin, 
becomes eonstxieted, and shuts off an upper canal, l^e frmn 

o p p 
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loirer laiger oxgim, the yolk sac, the connection between the two 
fosming the dm^us 

Thus the primitive alimentary canal consists of an anterior and a 
posterior which are closed below, and a canal intermediate 
between these^ which opens at its lower surface into the yolk sac. 

As the placental circulation becomes more and more developed, 
so the yolk sac shrinks and atrophies, until at last it is represented by 
a fold of tissue connected with the primitive intestine. The ductus 
vitelft-intestinalis accordingly becomes obliterated, and thus the mid- 
gut is closed at its lowef aspect. 

The primitive intestine placed at the inferior aspect of the em- 
bryo, just below the protovertebree, is lined internally by hypoblast, 



Fig. 278.— Position of the various parts of the alimentary canal at different stages. 
A. Bmhryo of five weeks ; B. Of eight weeks ; C. Of ten weeks. (Allen Thomson.) 

I, Pharynx with the lungs. u. Bladder. 

s. Stomach. cl. Qbaca. 

i. Small intestiise. c. Ceecum. 

Large intestine. ' in. Ductus vitello intestiualis. 

ff. Genital duct. ri. Urogenital sinus. v. Yolk-sac.^ 

and covered externally by mesoblast. The cephalic or anterior ex- 
tremity of the canal is formed by uncleft mesoblast ; the rest of the 
canal is fonned4>y the splanchnopleural layer of the mesoblast. 

A dilatation of a part of the fore-gut gives origin to the primitive 
stomach ; this is quite ijtoight at first, lying below the vertebral 
cclumui with which it is connected by mesoblast. After a time the 
stomach become^ turned to the right side, so that the left surface of 
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the oigan comes to lie' anteriorly and the right surface posteriorly, the 
mesoblast connecting it with the vertebral column, being devdoped 
into the peritoneal processes of the orgam 
The lower part of the fore-gut is of much smaller calibre than the 
dilated portion forming the stomach ; it becomes the duodenum, in 
connection with which arise two important viscera, the liver and the 
pancreas. 

The mid-gut and hind-gut form the small and large intestin^ these 
being at first one straight tube, of which the small intestine has the 
larger calibre. The small intestine, as it grow«^, falls into folds, and 



Fig 2H —Longitudinal section of a foetal sheep. (Cadiat.) 

a. Pencardmxn, tf Branchial arches. 

7>. Commencement of Biaphiagm. e. Pharynx, 

c. Hea^. /. Ongmof lung, ff. Liver. 

the mesoblast connecting it to the vertebral column forms the me- 
sentery^ 

The large intestine is at first a straight tube lying^to the left of the 
embryo ; it becomes bent, and part of the tube is directed towards the 
right side ; this develops another flexurOj the portion of intes^e 
below which grows downwards. Thus that part remaining on the 
left side forms the rectum, the sigmoid flexure, and the desoendirig 
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cofam ; yAdUlt that part between <&e flexures becomes the tratui?ei!8e 
cohmy and that on the right side riie ascending colon. 

The eSBCum is developed from the ascending colon, the ileo-csecal 
valve arising and shutting off the one part of the intestinal canal 
from the other. The vermiform appendix originates from the inferior 
extremxiiy of the csecum, which, owing 'to its feeble growth, is of 
much smaller calibre than the upper part. 

The^pithelial lining of the intestines is derived from the hypoblast, 

and the muscular, vascular, conneo 
tive tissue, and serous coverings are 
mesoblastic in their origin. 

The liver is developed from two 
diverticula of the duodenum, in con- 
nection with which arise cylinders 
of cells. The hypoblast develops 
into the liver cells and the cells 
lining the ducts, the mesoblast 
furnishing the vascular and con- 
nective tissue parts of the organ. 
The two diverticula are connected 
by a transverse piece, and form the 
right and left lobes of the liver. 

The process connecting the liver 
Kg. 276.~Diagwm of the^ont^ to the duodenum forms the common 

day. (Footer and Balfour, alter hue duct, and Irom tins the gall Dlad- 

CWtte.) der is developed as an outgrowth. 

Iff, Bivertieulum of one lung. 'Ptie v&sels of the embryo, which 

St, Stomach. . , . 

I, liver. relation to the liver,* will 

p. Pancreas. be described under the vascular 

system. ^ 

The pancreas arises as an outgrowth from the duodenum, its con- 
stituent parts originating in a manner similar to those of the liver. 

The spleen is derived from the mesoblast, and is developed in one 
of the peritoneal processes of the stomach. 

The lungs are developed in connection with the oeso^iagas, of 
which they are early outgrowths. 

The canal of the fore-gut at a certain point becomes laterally 
constricted, its transverse section presenting an hour-glass shape, 
eensistlHg of an upper, and a lower dilated portion, united by a 
cmiiral constricted neck. < The lower of these cavities becomes sub- 
divided by the outgrowth of the lateral portions and the upgrowth 
of a part of the Iqwer wall which forms a central septum, so that the 
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fore-gut comes to be composed of an upper undivided tube, giving 
off two appendages. 

These appendages consist of hypoblastic tissue, and as they gtow 
into the surrounding mesoblast they divide and sub-divide, until 
at last they come to consist of very minute tubules, which terminate 
in dilated extremities. The undivided canal forms the peilnanent 
trachea, the appendages the main bronchi, whilst their minute suV 
divisions are the bronchioles, which terminate in the dilated alveoli. 

The hypoblast forms the delicate lining membrane of iLe air 
passages, and the mesoblast gives rise to tne supporting tissue hold- 
ing them together, as well as to the blood-vessels, the muscular, 
cartilaginous, and connective tissue of the bronchial tubes. 

The pleursB surroimding the lungs are like the other serous mem- 
branes, also mesoblastic in their origin. 


Genito-urinart Apparatus. 

In the interval between the protovertebrse and the cleavage of the 
mesoblast into its somatopleural and splanchnopleural layers, there 
appears a mass of cells, which arrange themselves into the form of a 



Kg. 276.— Transvene section through the embryo of a chick on the second day where 
the medullary canal is do^. (EoUiker.) 


mr. MedAlary canal. 

Epiblast. 

uvfh* CaTity of protovertebra uw, 

uHff, Wolffian duct. 

mp, Mesoblast dividing into 


hph Somatopleure. 
d^, Splanohnoplenre. 
ap, Heuroperitmieal cavity. 
dd. Hypoblast. 
ch. Notochord. 


ridge, Ais ridge, which lies beneath the epiblast, becomes hollow, 
and thus a tube is produced, which is called the Wolfflan dud. 

From this tube diverticula arise, which extend into the sur- 
rounding mesoblast ; they are tubular, and comnftmicate with the 
central duct, whence they arise. The processes become twisted, ttnd 
at their extremities the neighbouring mesoblast undergoes differenlie/* 
tion, and forms vascular capsules corresponding in stiucture to the 
Malpighian corpuscles. This part of the Wolffisfi duct, which his 


MANUAL ON mYSlOLOGT. 


m ^ 

aequjbed a glandular stractarei is the Wolffian body or jaiiiaitive 
kidnejoftheemhiyo, whilat the Wolffian duct corresponds to the 
piimitivB ureter. 

The ejd^elitun lining the interral between the somatopleuie and 
splainffinopleute (pleuroperitoneal cavity), close to their origin from 
Ihe unSleft mesoblast, becomes columnar in character. It receives 
the name of the germiml epithditm. An involution of this takes 


y 



Hg. 277.*»Section of ibe inner part of the pleuroperitoneal cavity throtit^h the origin 
of the genito-urinary organs. (Waldeyer.) 

Xr. Somatoj^euxe. WK, Wolffian body. 

m, j^huudmopleure. y, Wolffian duct, 

a. Germinal epithelium. a\ Epithelium giving rise to the duct 

Of 0 , Primitive ova. of Milller «. 

K Meeohlacrt forming the ovary. 

place into the mesoblast, just below the somatopleure, and becomes 
shut off, and fom& a hollow cylinder. 

By this means a second duct is formed in close relation to the 
^ fiiut; thkis the This duct is developed from before 

badcwards. 

According as tlys embryo is a male or a female, so one or other 



Fig. 278.— Ti^yerse Rection through the lumbar region of an embryo chiok at the end 
of the fourth day. (Foster and Balfour.) 


Wolffian ridge. 
g.6, Genninal epithelium. 

A»0* Dorsal aorta, 
if. Mesentery. 
iSF* Sflanohno^eure. 
d, Alhnentary canal, 
r. Vessels, 

m.p. CommencingMiillerianduot. 
8o. Somatopleure. 

Tr.6. Wolffian body. 


W.d. Wolffian duet. 

F.c.a. Posterior cardinal vein. 
eX Notochord. 

A.W»C, Anterior white column of 
spinal cord* 
a,r. Anterior root. 

A,G.C, Anterior grey column. 
j9.f. Posterior root. 
m.jp. Musde ^ate. 
ne. Canal of spinal cord. 


for the conveyance of the ova out of the ^y, and the Wolffian duct 
is represented by a rudimentary structure near the ovary* * 

Part, however, of the Wolffian duct in both a^es develops ^hni* 
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laady ; tlu% th^ metem^ras, eoxTesponds to that part of the duet 
ueaieet to the tail end of the embryo. It forms part of the uruiaiy 
oifaiui, and develops into the permanent ureter and the kidney. 

Fioai the metanephros a projection arises, which grows quickly, 
and opens into the cloaca; this remains as the ureter. From the upper 
** part of the ureter arise 

X A small csscal evolutions, 

1 which become convoluted 

at certain points and sur- 
ft * rounded by mesoblast ; 

\\ these canals are the urin- 

ary tubules, and at the 
^ ^ extremity of each is de- 

\\ ^rn veloped a tuft of vessels, 

/ / which thus forms a Mai* 

\ // P^hian corpuscle. 

\ d The straight tubes group 

\ *3r themselves together at the 

V (ffl inner part of the gland, 

vy whilst the convoluted tu- 

\ ^ bules, with the Malpig- 

uj\ \ corpuscles, are aggre- 

\ \ /• / gated at the periphery of 

\ /■ ^ / the gland. 

At the junction of the 
^ ^ ureter to the glandular 

* mass, changes take place 

Wg. 379.*-X)i»gMin of the gpemtal ot^ of by which this tube is eplit 

•a eanlwyo prevkm to sexual distmction. up into several sub-divi- 

(ABexi Thomsoii.} r , . , . • 

TT. Wolfflaii body. 

8. Ureter. 4. Bladder. 5. UrachuB tive calices of tne kidney, 

^ the dilated part of the 

». JaliUeriaa duet. penis. ^ « . 

Wolffian duet. i . Intestine. ^eter forming the pelvis. 

u 0 » Usogenitel dnus. cL Ciloa(»i. The testicle arises partly 

from th« germixuA 

ef..OvigiBof titeoTory or testicle respeotivdy. lium lining the inn er 


peritoneal cavity, lying 
close to Ihe iq^lanchnopleure, and partly from the mesoblast aur- 
rounding the Wolfhan body. 

The germinal epithelium, the cells of which are not so well developed 
as in the female, sqnds processes into the mesoblast, and these are said 
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to form the spenoatic cells, the mesoblast becomiiig diffeventkted 
aEottnd them to foim the walls of the tubuli senmdferL 
The WohiiaiaL duct, which persists as the vas deferens, aids in form* 
ing the testicle, the epididymis being merely a convoluted past of 
it, and the vas aberrans one of the cseoal tubes in connection with 
the duct The coni vasculosi are thought to be formed from A>me of 
the tubules of the Wolffian body ; they are connected to the testicle 



Fig. S80.— Diagram of the sexual organs of the male embryo. (Allen Thomson.) 

3. TTreter. g, Gnbemaculum testis. C. Cowpei:*s gland. 

4. Blodder.e vs, Vesioula seminalis. cp. Penis. 

5. Urachus. Intestme. sp. Spongy part of the 

t, Testide. pr. Prostate. Urethra. 

m. Atrophied duct of Mul- W. Organ of OiraldOs. t'. Position the testide 

ler (hydatid of Hor- vh. Vas aberrans. ultimatdy assumes* 

gag^.) vd, Vas deferens* s. Scrotum. 

e. Epididymis. 

by means of a tube which is itself split up into a number of divisions 
which form the vasa eiferentia. * 

The Wolffian duct forms, besides the vas deferens, the vesicula 
seminalis (which is merely a blind diverticulum from its extreinity)| 
and terminates in the ejaculatory duct. 

The two Mullerian ducts, in the male, join and fom a single tube j 
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this b. not developed^ but atxopMeSi leaving as its represen* 

telive the sintis poctdaris, whick is situated in tke floor of the 
prostate. The upper extremities of the Mtillerian ducts form the 
hydatids of Korgagni. 

The ovary, like the testicle, is formed from the germinal epithe- 
lium, Vhich multiplies and forms a projection close to the Wolflian 
body* The cells of the epithelium become involuted and sur- 
roun<|ed by the uncleft mesoblast, to form ova and Graafian follicles. 
The glandular part of ^the ovary thus arises from the germinal 



Ksr. 281«— Diagram of the sexual oigans of a femftle embryo. (Allen Thomson.) 

/. fimbriated extremity of the left Fallo- va. Vagina. 

piantube. S. Ureter, * 

W* Bemains of the Wolffian tubes. 4. Bladder. 

g. Bound ligaments. 5. Ujachus. 

e. Ovary. h. Inferior opening oferagina. 

po* Parovarium. C, Gland of Bartholin. 

«. Uterus. V. Vulva. 

d0* Bemains of Wolffian duct* or duct ae. Vascular bulb. 

of Gaextner. ec. Clitoris. 

m. Bight Fallopian tube cut short. n. Nympha. 

KP. Bight oblitexated Wolffian duct. I, Labium. i, Be^m. 

epithelium, and its stroma springs from the mesoblast in the neigh- 
l^urhood of the W olffian body. 

The ducts of Muller are the precursors of the female genital 
passages. They approach one another and unite along a certain 
distance at their lower extremities. Of this united part, the upper 
end forms the uterus, and the lower the vagina, whilst the un- 



BLOOD- VASCULAR SYSTEM. 


.587 


united ports of the MhHerian ducts fonn the Fallopian tubes^ which 
become connected to the ovaries, whilst their cavities remain con- 
tinuous with the pleuroperitoneal space. 

In the female the WoMan duct and body atrophy, the paxovarinm 
being in the calult the representative of the Wolffian body. 

The bladder is merely a dilated portion of that part of thePallan- 
tois which is in immediate connection with the alimentary canal, 
and the urachus is the narrowed part of the allantois connecting the 
bladder to the remainder of the allantois which is without the Dody 
walls of the foetus. 

While the alimentary canal is in connection with the allantois, 
the intestinal and genito-urinary passages open into a common cavity 
at their termination ; this is the cloaca^ and it is in the further de- 
velopment of the embryo that a septum arises, dividing this into 
an alimentary or anal portion, and an anterior or urinary portion. The 
septum, dividing the urogenitary from the alimentary portion of the 
cloaca, forms, externally, the periiimum. 

At the aperture of the cloaca an eminence arises which develops 
into the penis in the male, the clitoris in the female. Around this 
eminence is a fold of integuments, which forms the labia in the 
female, the scrotum in the male. 

In the iemale this integumentary covering enlarges much more than 
the clitoris and covers it in, the urethral orifice opening just below 
the clitoris. 

In the male the urethral orifice at first opens at the base of the 
penis, but eventually a groove is formed on the under surface of 
this organ, which become^ converted into a canal, and forms the 
urethra. 


Blood-Vascular System. 

In the mammalian embryo this may be appropriately divided into 
two systems of different dates ; the first, or early circulation, which 
is confined to the yolk sac ; and the second, or later circulation, 
which passes through the placenta. 

The PAmitive Heart arises from the splanchnopleural layer of 
the mesoblast, just at the point where this forms the under wall of 
the fore part of the alimentary canal. When the formation of the 
folds of the embryo was described, it was stated *that the groove 
of the cephalic fold tended to grow backwards towards the toil end 
of the embryo* This groove is limited behind by the somato- 
pleural layer of the mesoblast, and posteriorly to this is a cavity 
fonned by the cleavage of the mesoblast, called the pleuroperltonetd 
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cBflnty, In tihe eaxly cftoges of devdopment^ the postexioT wall of 
this $mali cavity u fotmed by the splanchnoplemal layer of the 
meooblaBt The heart arises at the point at which the splanchno^ 
plenre tends to tniyel forwards to meet the uncleft mesoblast, and 
thus completes the pleuroperitoneal cavity* 
l%esheflU!t consists at drst of a single cylinder, which in the human 
embryo probably is formed by the coalescence of two primaiy tubea 
At first it has no distinct cavity, but soon the cells of the mesoblast 
withih the mass forming the heart become transformed into blood 
corpuscles, and thus it fs hollowed out. A layer of endothelial cells 
line the cavity, and become the endocardium. 



Fig. 26S.'-->TrBaflvene aeoticm through the region of Jhe heart of a rabbit*a embryo of 
nine days old. (Kulliker.) ^ 

i?. Jugular veins. Prolongation of hypoblast b^een 

oo. Aorta. the two halves of the heart. 

j»h. Fore-gut. ah. Outer wall of the heart. 

hi. Blastoderm. p. Cavity of the perioaxdium. 

hp. Body wall reflected in eet. ih. Inner lining of the heart. 

ml. Hypoblast. ect. Bpiblast. df. Visceral mesoblast. 

The primitive heart is connected at its upper end with the two 
aortse, and at its lower end with the omphalo-mesenteric vms. 

After a time the tube shows signs of division into three parts ; the 
tipper part becomes the aortic bulb, next to which is formed the 
cavity of the veftericle, continuous with which is the auricular space. 
The tube also, which at first lies in a straight line, now becomes 
twisted on itself, the aurifulai part becoming posterior and cRiperior, 
whilst the ventricle, with the aortic bulb, remains anterior and some- 
what below. 
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Each prumtiv'e cavity of the heart is divided into two by the 
giadnal growth of partitions, and thns the four permanent heart 
canties are developed. 

Externally a notch shows the division of tlie ventricle into right 
and left cavities, whilst from the inside of the right wall there grows 
a projection which sub-divides the ventricle internally. This ^tptum 
is, however, not at once complete at its upper part, a communication 
between the right and left sides of the heart remaining for sometime 



Pig. 288 .— Diagramxnatic views of the under surface of an embryo rabbit of nine days 
and three hours old, showingr the development of the heart* (Allen Thomson.) 
A, View of entire embryo. B, an enlarged outlme of the heart of A. G, a later stage 
of thapdevelopmentof B. M. Ununited heart, oa. Aortee. Vr. Vitelline veins. 

above this partition. With the growth of the inter-ventricular 
septum, the external notch becomes less prominentpbut it is perma- 
nently recognisable as the inter-ventricular groove. 

In the auricles a fold develops from the anterior wall, which 
ullimately unites with a process of lat^ development from the 
posterior waB. This septum is not complete daring foetal life, hut 



MANUAL OF PHtSIOLOGY. 


690c 

is intiermptsd by an opening leading from one auricle to the other, 
called the foramen ovale. 

Simultaneously with the appearance of the posterior process of the 
septum, another fold arises, which is placed at the mouth of the inferior 
Tena cava, and forms the Eustachian valve. 

Th# aortic bulb likewise, by a projection from the inner wall of the 
cavity, becomes divided into two canals, the anterior of which 


a 



Fig. 284.->Developmexit of the heart in the human embryo, from the fourth to the 

sixth week. 

A. Bmbryo of four weeks. (KoUiker after Coste.) 

B. Anterior, and C. posterior views of the heart of an embryo of six%eeks. 

(Kolbte after Edker.) 

u. Upper limit of buooal cavity. h. Buccal cavity, c. Lies between the ventral 
ends of the 2ad and 8id branchial arches, d. Buds of upper liJnbs. e. liver. 
/. Intestine. 1. Superior vena cava, 1'. Left supenor vena cava or con- 
nection between the left brachio-cephalic vein and the coronary vein. 1'^ Open- 
ing of inferior vena cava. 2. 2'. Bight and left auncles. 3. 8'. Bight and 
left ventricles. 4. Aortic bulb. 

o 

remains in continuity with the right ventricle, and the posterior 
canal is continuous with the left ventricle. The anterior thus be- 
comes the pulmpuary artery, and the posterior the permanent aorta. 

The j^mitive circuUUum, of a human embryo may be divided 
into two, which differ in their time of appearance and in the accessory 
a oicgans to which they aib distributed. Though they may, for the 
sake of clearness, be described as two independent circulations, they 
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are not strictly eo, as they exist for a short time coinddeiitly^ and 
arise in connectiOB with one another &om the same heait« 



Fig. 286.— Diatram of the diciilation of a chick at the end of the third day. (Foster 

and Balfour.) 

Heart. H.ofj and L.of. Bight and left omphalo- 

AA* Aortic arches (2nd, 8rd, and 4th.) mesenteric veins. 

Ao. Dorsal aorta. S*V. Bmusvenosus. 


L,ofA,, S^fA, Bight and left omphalo- 
mesenteric arteries. 

8tT, BinuS terminalis. 


H.o/f and L.of. Bight and left omphalo- 
mesenteric veins. 

S*V. Bmusvenosus. 

D. 0. Duct of Cuvier. 

8.Ca. and V.Ca. Superior and inferior 
cardinal veins. 


(a) The earlier or vUelline circulatim is that which is directed to 
the yolk sac, the embryo obtaining nourishment jfrom the vitellus or 
yolk ; this is^ however, an organ of quite secondary importance in 
the mammalian embryo, and hence this circulation may be better 
studied in some such animal as the chick, which de^nds, throughont 
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ttB life, oH tibe vitdlua for nouxiBhineiiti In the human 

mifinfo ^ fitdiiiie eizcuktum is ehiefly of impoitanoe for the 
fyw dajra iminediately preceding the devi^pioeiit of the plftcental 
<jienIfilionu 

The aortie bulb is continuous urith two vessels which run on either 
side of the primitive pharynx ; these are the aortas^ and from each 
of them a large branch is given off. These omphalo-mesenteric 
arteries pass to the yolk sac, and there become split up into a 
num&)r of small vessels, the blood from them being returned partly 
by corresponding ompKalo-mesenteiic veins, partly by a large vein 
running round the periphery of the vascular area known as the 
ainm Um/incUis, The sinus terminalis opens partly into the right 
and partly into the left omphalo-mesenteric veins, the omphalo-mesen- 
texic veins themselves subsequently uniting into a common venous 
trunk, called the sinus venosus, which is continuous with the primi- 
tive auricle. 

This vitelline dxculalion in the human embryo persists but a short 
time. After the fifth or sixth week of fcetal life it becomes oblite- 
rated, the yolk then being atrophied, and the placental circulation 
well developed. 

(6) The laiery or placeptal circulationf is developed in the meso- 
Uastic layer of the allantois, especially in that part which is in 
relation with the decidua serotina. The allantois, when fully de- 
veloped, extends to the chorion, over which it spreads, sending 
in processes to occupy the villi These chorionic villi are embedded 
in the decidua of the uterus, and are especially developed at the 
upper part, which is in connection with the decidua serotina or 
matera^ placenta. ^ 

The primitive aorto, which were at first two separate tubes, become 
united iu the dorsal region of the embryo, so that the two aortic 
ardies end in a single vessel, which extends to the middle of the 
embryo, and there divides into two branches, each of which gives off 
a vessel called the vitelline or omphalo-mesenteric artery. 

Vtom the branches of the aortse arise two large vessels, which, 
ruiming along the allantois, spread out over the choxftn, being 
espedally directed to the upper part of this membrane ; these 
the uml^cal or hypogastric arteries, which carry the blood from 
the aorta to the foetal placenta. 

Veins arise &om the terminal networks of these ar|;erles, and com- 
bine to fom the two umbilical veins. The umbilical veins take a 
ffinnlay course to the ar^es, and convey the blood to the venous 
trunk formed by tbe junction of the omphalo-mesenteno veins. 
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After a time the right umbilical and right omplialo-mesenteric veins 
disappear, whilst from the trunk formed by the junction of the left 
umbilical and left omphalo-mesenteric veins, branches are given off 
to the liver (the verm advehetdes)^ and at a point nearer the hearty 
vessels are received from the liver (the vence revehentes). 



Pig. 287. — Diagram of tiie vtscular system of a human fcntus. (Huxley.) 


JEL Heart. 
t.A. Aoi-tic trunk. 
c. Common carotid artery. 
t'. External carotid artery, 
c". IntenAl carotid artery. 
s. Subclavian artery, 

0. Vertebral artery. 

ly 2, 8y 4, 5y Aortic arches. 

-.1'. Dorsal aorta. 

1. OmpMlo-mesenteric artery. 
dv. Vitelline duct. 

o'. Omphalo-mesenteric vein, 
v\ Umbilical vesicle. 


vp. Portal vein. 

L. Liver. 

UK, Umbilical ai'teries. 
a" u Their endings in the placenta* 
Umbihcal vein. 

Di. Ductus venosus. 
ih. Hepatic vein. 

<v. Vena cava inferior. 
hd. Iliac veins. 
az. Vena azygos. 

VC. Posterior caidinal vein. 

J)0. Duct of Cuvier. 

P. Lungs. 


To the pait of the vessel intervening between The origin of the 
\ enm advehentes and the entrance of the vente revehentes is given 
the name of the diictm vetiosiis, • 

Thus it may be seen that in the placental circulation the blood 
conveyed from the aorta, by the umbilical arteries, to tbe foetal 

Q Q 
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placenta, and here it undergoes changes, owing to its close relation- 
ship to the maternal blood. From the placenta it is returned by tlie 
ifmbilical vein, which sends a part through the liver and a part 
direct to the heart. The more minute details of foetal circulation 
will be described later on. 

The ^Arterial System . — Around the pharynx are developed five 
pairs of aortic arches. These commence anteriorly from the two 



Vig 288.— -Diagram ot the heart arid pnneipul artcriea of the chick. (Allen Thomson.) 

B. and r. are later than a. ® 

1, 1. Omphalo-mcsenteric veins. 4. Aortic bulb. 

2. Auricle. 5, 5. Primitive aortre. ® 

a. Ventricle. A, United Aorta. 6, 6. Omphalo-mesenteric arteries. 

primitive aortso, and, passing along the side of the pharynft, end in the 
aorta) as they descend to become united in the dorsal region of the 
embryo. The points of origin of the arches are termed their anterior 
roots, and the points of termination their posterior roots. 

Though all these arches do not exist at the same tinife, still, in 
describing the vessels which arise from them, they may be conve- 
niently considered together. 

On the right fjide the fifth arch disappears completely. On the 
left side the anterior root and neighbouring part of the fifth arch are 
transformed into the pulmonary artery ; the remaining part of this 
arch continues as the ductns arteriosmy which connects the puhnonary 
artery with the permanent aorta. 
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The fourth left arch, in mammalia, becomes the permanent aorta. 
At the junction of the fourth and fifth left posterior roots the left sub- 
clavian artery is given off. In birds the right fourth arch is t rans- 


Hg. 289.— Diogrram of the aortic arches, 
the permanent vessels arismg fi jni 
them are shaded darkly. (Alku 
Thomson after Rathke.) 

^ 1, 2, 8, 4, 5, Primitive aortic arches 
of right side. 

I. II. III. IV. Pharyngeal clefts of th*^ 
left side, shoivmg the relationship 
ot the clefts to the aortic arches. 

J. Aorta. 

1\ Pulmonary tirtcry. 
d. Ductus artenosus. 
a' Left aortic root, 
rr. Right aortic root. 

A’ descendmg aorta. 
jm. pnJ Right and left vagi. 

V. Right and left subcUvian arteries 
vv\ Right and left vertebral arteries 
r. Common carotid artenCs. 
ce, Evtomal carotid. 

1 1 . Cl'. Right and left mtemal carotid 



formed into the permanent aorta ; and in exaiuining the development 
of the aortic arch of the chick, it must be borne in mind that it is on 
the opposite side to that it occuiiies in man. 

On the right side the interior root of the fourth arch, and the 
part of the aortic tnink leading to it, persist as the innominate ariery, 
the fourth arch being represented by the right subclavian arteiy. 

The part of the primitive aortic trunk joining the fourth and third 
right anterior roots becomes the common carotid artery of the same 
side, whilst arising from this is the internal carotid, which, taking the 
position ot the third arch, passes to the posterior roots, and occupies 
the trunk of the primitive aorta from the third to the first arches. 

The (istemal carotid, arising from the common carotid at the third 
anterior root, occupies the position of the vessel joining this root to 
those of the second and first arch. 

On the left side the common carotid and its branches are developed 
similarly to those on the right, the only difference being that the 
common carotid aiises from the aoita and not from the innominate. 

The iliac arteiies are developed from* the liypogastric. At firs! 
they appear as branches, but with the growtli of the limbs they 

* Q Q a 
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become so much larger that after birth they appear to be the main 
branches from the point of division of the aorta, the hypogastric 
arteries now being merely small branches of the iliac vessels. 

With the development of the organs and limbs, vessels in connec- 
tion with those above described arise in the mesoblast. It is, how- 
ever, beyond the scope of this work to describe in detail the origin 
of the lesser vessels. 



Tig, 290. 

A, Plan of principal veins of tho 
foetus of about four weeks 
oM. 

7J. Veins of the liver at an earlier 
period. 

r. Veins after the establishment 

of the placental circulation. 
/>. Veins of the liver at the same 
period. 

/. Primitive jugrular veins. 

Ducts of Cuvier, 
crt. Cardinal vems. 
n. Inferior vena cava. 

/. Ductus venosus. 
w. Umbilical vein. 
iK Portal vein. 

0 . Vitelline vein. 
t r. External iliac veins. 

Bight vitelline vein. 

Bight umbilical vem. 
i\ Hepatic veins (venee reve- 
• hentes). 

Venpp advehentes, 
m. Mesenteric vems. « 

cr. A/ygosvein. 

ca\ Brains of left cardinal 
vein. ^ 

Subclavian vein. 

h. Cross branch from left jugu- 
lar which becomes the left 
brachio-cephalic vein, 
ri. Bight innominate vein. 

s. ». Subclavian veins. 
h. Hypogastric veins. 

if. Division of inferior vena cava 
into the common iliac 
veins. 


Verunu System.— Ihe IJocxl is returned from the head by the 
two primitive juftqlais, nhich unite with the i vrdinal veins conveying 
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the blood from the trunk and lower extremities to form a vessel 
on each side, called the divct of Gumer. 

From the lower extremity of the embryo the inferior vena cava 
commences by the union of the external iHac veins ; this passes 
up and opens into the venous trunk common to the left vitelline 
and left umbilical veins. • 

The left vitelline becomes continuous with the vessels from the 
common trunk going to the right side of the liver (the right vena ad- 
v^hens), and forms the main trunk of the portal vein (t?.%g. 290, 
B.&D.). • 

At this stage of the formation of the veins there are three trunks 
opening into the auricle, the right and left ducts of Cuvier and the 
inferior vena cava. 

As development proceeds, the lower parts of the cardinal veins join 
the external iliac veins, forming the common iliacs, and so return 
their blood into the inferior vena cava. 

The upper parts of the cardinal veins become continuous with the 
posterior vertebral veins which convey the blood from the paiietes 
<if the embryo. Between the latter a communicating branch is 
established, which helps in the formation of the azygos vein. 

The ducts of Cuvier, which at first were placed almost at right 
angles to the auricle, become more obli(j[ue in their direction as the 
heart descends. 

Between the primitive jugular veins a cross branch is developed, 
which conveys the blood from the left side of the head and ui^per 
extremity to the duct of Cuvier of the opposite side. 

The left duct of Cuvie^ below the communicating branch, atrophies 
an^ forms part of the coronary veins of the heart. The coimection 
between this and the vein above the cross branch being, in the 
adult, represented by a small vein, or a band ol fibrous tissue, called 
the vesti<Jlal fold of the pericardium^ 

The cross branch from the left to the right jugular becomes the left 
innominate vein. The right duct of Cuvier and the right jugular 
below the entrance of this cross branch, forms the superior vena 
cava ; Whilst the part of the right primitive jugular immediately 
above the entry of the left innominate vein, foims the right innomi- 
nate vein. 

The i^osterior vertebral vein of the right side forms the vena 
azygos major ; the corresponding branch of the op 2 )osite side, together 
with the part of the left pnmitive jugijlar below the cross branch, 
forms the left superior intercostal vein and the superior venS 
azygos minor. The lower part of the left posterior vertebral vein, 
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together with the connecting branch to the right vein, remain as the 
interior vena azygos minor. 

Fo&tal Cireulaticni : — The course taken by the blood through the 
heart and vessels of the embryo differs essentially fi*om that which 
persists in adult life. 



Fig. 291.— Diagram illustarating the circtilaton through the heart and the princi]^ 
vesseltf of a feotus. (Clelund.) 
n, umbelical vein. Vessels to the viscera. 

Ductus venosus. r/. Hypogastric arteries. 

/. Fortal^vein. c. Ductus artaiosus. 

Tracing the blood from the placenta, it passes along the umbilical 
vein towards the liver, here it may take either of two courses to 
i-each the vena cava, one which follows the ductus venosus and avoids 
the liver, the other which passes by the vence advehentes (portal veins) 
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to the liver, and proceeds hy the vente revehentes (hepatic veins) to 
the inferior vena cava, which receives all the blood passing by both of 
these channels. From this the blood is emptied into the right auricle^ 
and hence is guided by the Eustachian valve through the septum by 
the patent foramen ovale to the left auricle. From the left auricle 
it passes to the left ventricle, which contracts and sends tlse blood 
into the aortic arch, where it is split up into two streams, one of 
which passes into the vessels of the head and neck, the other by the 
ilescending aorta to the trunk and lower extremities. 

The l)loo(l Jrom the head and neck ft returned to the right 
iiuricle by tlie superior vena cava. The blood from this vein posses 
through the auricle to the right ventricle, which sends it through 
the pulmonary artery towards the lungs. 

The pulmonary artery, however, in the embryo, has one very large 
branch, called the ductus aiteriosus, which joins the aoita at a point 
just below the origin of the vessels of the head and neck ; hence the 
main ])art of the blood passing from the right ventricle reaches the 
aorta l)y the ductus arteriosus, and only a very small part goes to the 
lungs, to be returned from them by the pulmonary veins to the left 
auricle. 

The blood from the ductus arteriosus blends, therefore, with that 
in the aorta which is passing to the viscera and lower extremities. 
The main i)art of this blood travels by two large branches of the 
aorta (the hyi)oga8tric arteries) to the placenta, where it is aerated 
and imritied, &c. 

It is evident, then, that as the placenta is the great renovating 
organ of the blood of thetoetus, that the blood in the umbilical vein 
tjj^e most arterial in the footal circulation. The blood in the ascend- 
ing vena cava and first part of the aorta is likewise fairly arteiial, 
but the blood in the descending aoila is of a mixed character, as it 
contains blbod which has nourished the head and neck, besides blood 
which has come from the placenta by the inferior vena cava through 
the right auricle, foramen ovale, left auricle, and left ventricle. 

As the foetal lungs ai*e not called into play until after birth, but 
little bfood passes to them in the foetus ; this state of things is 
howe\ er completely altered at birth, when the lungs of the child 
expand, the piilmonaiy arteries increase in size, and the ductus 
-arteriosus dwindles in a corresponding dtgree. • 

The liver, which in the foetus is of relatively greater size than in 
the adult, receives much blood coming frtjp the placenta to the heart, 
and is thought to contribute to it several essential constituents. ^ 
The head and brain, which are largcdy develoi)ed in the fcctiif, 
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receire well aerated blood ; namely, the placental blood which has 
passed tlirough the liver, and, in the inferior vena cava, is mixed 
with blood coming from the lower limbs. The rest of the foetus 
receives blood that is less well aerated, as it is mixed with that 
which is returned from the head and neck to the right side of the 
heart, oad which is sent through the ductus arteriosus to join the 
general blood current in the aorta going to the viscera and lower 

extremities. 

« 

Dev^opment op the Eye. ” 

The optic vesicles arise from the anterior cerebral vesicle at a very 
early period, and their cavities are continuous with that of the fore- 
brain. With the development of the rudimentary cerebral hemi- 
spheres the optic vesicles become displaced downwards, and their 
ca\dties open into the junction of the cavities of the cerebral hemi- 
s2)hereH and that of the thalamenccphalon, which becomes the third 
ventricle. Later, the optic A^esicles open directly into the third ven- 
tricle, and finally are disi>laced backwards, and come into connection 
with the mid-brain. 

The optic vesicles are at first hollow prolongations, which consist 
of an anterior dilated portion, fonning the piimary optic vesicle, 
and a 2)<)sterior tubular portion or stalk joining the vesicle to the 
fore-brjiin. This stalk forms the oi>tic ner\x». 

As each vesicle grows forwards towards the epiblast covering the 
head of the embryo, the epiblastic cells at the spot overlying the 
vesicle, become thickened, and an involution of the epiblast takes 
l^lace towards the optic vesicle, and indentu the latter, approximating 
its anterior to its posterior wall. 

By this means the anterior and posterior walls of the 2)rimary 
optic vesicle come into close contact, and the cavity of the vesicle is 
obliterated. The two layers of the vesicle are now cup-aihaped, and 
receive the name of the secondary optic vesicle or the oiitic cup. 
This ultimately becomes the retina, and the 02)tic stalk losing its 
cavity is transformed into the optic nerve. 

Meanwhile, the local involution of the epiblast over the (%)tic cup, 
which is the rudiment of the crystaline lens, becomes gradually 
separated from the general epiblast giving origin to it, and is 
finally detached ftoni its point of origin. It now lies as a some- 
what Bjiherical body in the cavity of the optic cup within the super- 
ficid mesoblast, which has closed over it. 

1, The secondar}’- optic veAcle grows (except at its lower part, just 
at the junction of the optic stalk), so as to deepen the optic cup, 
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wMch contains the rudimentary lens. At the lower part an interval 
is left, which receives the name of the choroidal fissure. Through 
this gap in the secondary optic vesicle the mesoblast enters and 
separates the lens from the optic cup, and forms the vitreous humour. 

The mesoblast surrounding the optic cup develops two coverings 
of the eye, an outer fibrous capsule called the sclerotic coat, and a 
vascular coat, the choroid, which lies in contact with the outer 
layer of the optic cup, ^ 

Jn front of the lens, l)eneath the epiblast, the mesoblast forms the 
comeal tissue proper. The epiblast * 
forms the epithelial or conjunctival 
covering of the eyeball. 

The involution of mesoblast through 
the choroidal fissure, which forms the 

vitreous humour, indents the optic ^ w®"' 

stalk, and forms the central arteiy •I®®® 

of the retina. The choroidal fissure is 
gradually obliterated, and its position MSm 

may sometimes be marked by a perma- ^ 

nent fissure in the iris (colohoma iridis), 

The rudimentary lens is a spherical /MmmK 
body, hollow in the centre, made up 
of an anterior and posterior wall, each y W\jW 
of which is formed of columnar cells. ^ 

The posterior wall of the lens in- 
creases greatly in thickness, and ap- 
proaching the anterior wall obliterates Fig. 292 .-^ection through the 
\ 1 . nil head of a chirk at the third 

til^Ollgllial cavity OI the lens. day, showing the origin of 

The cells forming this wall become the lens, 

very much elongated, and form long a. Epiblaat thickened at c, which 
tibre-like Columnar cells. Tlie cells of 
the anterior wall from being a colum- o. Optic vesicle, 
nar epitheUum, are modified to a flat- 
tened (giithelium, and finally become 

the layer of epithelium lining the anterior surface of the capsule of 
the lens. The capsule of the lens has been variously considered 
as arising from the cells of the lens substance, or as originating from 
a thin layer of mesoblast, which forms not only the lens capsule, 
but also the hyaloid membrane, which is continuous with it. 

The optic cup gives origin to the retina, Tlie inner or anteriojj 
layer of the cup becomes thickened, and from it are differentiated the 


Fig. 292.— Section through the 
head of a chick at the third 
day, showing the origin of 
the lens. 

a. Epiblast thickened ate, which 
is the point of origin of the 
lens. 

o. Optic vesicle. 

V 1. Anterior cerebral vesicle. 

V 2. Posterior cerebral vesicle. 
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vaiioua layers of the retina, except the layer of pigment cells which 
lies next to the choroid. The posterior layer develops this layer of 
pigment cells, which, from their intimate connection to the choroid, 
were formerly considered as part of that membrane. 



Fig. 293. — Diagranmiatic sections of the pnimtive eye, showing the choroidal Sssoxe. 
(Foster and Balfoui.) 

B. Horizontal section. 

E. Vertical tnmsverRe section just striking the posterior part of the lens. 

F. Vertical longitudmal section through tlic optic stalk, and the fissure through 

whi(dL the mesoblast passes to form the vitreous humour. 

h. Superficial ^iblast. c. Cavitjr of the optic vesicle. 

X, Pomt of origin of the lens. / C horoidal fissure. 

v.h. Vitreous humour. Optic stalk, 

r. Anterior layer of the optic vesicle. s'. Cavity of the optic stalk. 

M. Posterior layer of the optic vesicle. 1. Lens. l\ Cavity of the lens. 

The thickening of the inner or anterior layer of the optic cu}) 
ceases at the oiu serrata. The outer layer with its contiguous choroid 



Fig. 294.— -Later stages in the development of the lens. (Cadiat.t^ 
n. Epiblast. c. Budimentory lens. o. Optic vesicle. 

is thrown into a nnmher of folds — the ciliaiy processes — and passing 
in front of the lens, helps to form the iris. 

In front of the ora seixata the anterior layer of the cup is no longer 
differentiated into the special retinal elements, but joins with the 
posterior to form a layer of columnar cells, — the 2>ar« ciliaiis retina*. 
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n trout ot this the juiteiior rim of the optic cup passes forwards 
Lud lines the posterior surface of the iris, forming the uvea of that 
)rgan, and terminates at tlie margin of the pupil. 



Tig. J95.- A fuithei stage of the development ot the lens. (Cadiat ) 

«, Elongating epithelial cells fonnmg lens, //, Capsule, f, Cutaneous tissae 
bwomi^ conjunctiva; d, <>, Two lajcrs of optic cup forming retina Cell 
ot iuuc(*s tissue of the vitreous humoui , </, laterccUuloi substance; A, De- 
veloping optic nerve. 

The rest of the substance of the iiib is developed fiom the meso- 
blast, liom which also arise the choioid, the cornea and the sclerotic. 

The development of the eye may be thus briefly desciibed. An 
oflshoot of nervous matter from tlie lore-biain, forms the retina and 
the uvea, and its stalk, oi connection with the hioin, develojis into the 
optic nerve. ^ 

An involution of epiblast which grows into the iieivous cup forms 
the lens, whilst from the adjacent mesoblast the surrounding parts of 
the eye arise. The vitreous is produced fey the mesoblast growing 
through a fissure in the lower part of the optic cup to fill its cavity. 
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Development op the Ear. 

The ear is developed chiefly from the epiblast, a special and inde- 
pendent involution of which forms both its essentiid nen^ous stnu - 
tures, and the general epitheHum lining the membranous labyrintli. 
The mesoblast supplies the surrounding firmer structures, such a» 
the fibrous substance of the inner ear, and the bony parts in which 



Fig, 296.— Transverse section through the head of a foetal sheep in the region of thi'* 
hind-brain. (Boettcher.) 

t 

H. B. Hind-brain. «.r. Auditorj" ganglion, 

cc. Canal of the cochlea. o'. Auditory nerve. 

KC. Becessus vestibuli. y. Connection of auditory nerve to the 

VB. Vertical semicircular canal. hind-brain. 

the organ lies. The auditory nerve grows as a bud from the neural 
tissue forming the hind-brain, and connects it to the delicate 
specialised auditory cells. 

The process begins by the appearance of a depression of the general 
epiblast covering the head, which soon forms a tubular diverticulum, 
lying in the mesoblast at the side of the hind-brain. 

* This diverticulum becomes separated from the epiblast by the 
obliteration of its outer extremity, wliich united it to the superficial 
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ipiblast, and is then converted into a cavity and receives the 
aame of the otic vesicle. It soon becomes somewhat triangular in 
shape, the base of the triangle Ijdng upwards. 

From the lower angle arises a projection, which is the rudimentary 
sanal of the cochlea. The angle lying next to the neural epiblast 



Tigi 2y7.~Section through the head of a ta'tul bhecp. (Bot'ttchcr.) 

n.v. Becessus vestibuli. h. b. Horizontal semicircular canal. 

\ .B. Vertical Semicircular canal. Auditory ganglion. 

c.c. Canal of the cochlea. 

similar!^ gives off a tubular process, which forms the recessus 
vestibuli. 

Elevations in the primitive vesicle indicate the origin of the semi- 
circular canals, which become tubular, opening at Iheir ends into the 
general cavity of the vesicle. The two superior canals are the first 
to appear, the horizontal canal rising somewhat later. 

The part of the otic vesicle in connection with the canal of th^^ 
cochlea becomes separated from the latter by a nan’ow constriction 
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which foms the canalis reuniens, the part of the vesicle beyond this 
developing into the saccule. 

The utricle arises from that part of the vesicle which is in con- 
nection with the semi-circular canals. It is at first in direct con- 
nection with the saccule, but after a time it is only found to com- 
municate by means of a narrow canal with a similar one from the 
saccule ; these two canals are connected with a third, -which lies in 
the aquediictus vestibuli. 

The canal of the cochlea is at first a straight tube, but as it devqjops 
it becomes coiled upon Uself. 

The walls of the primitive otic vesicle, formed from the epihlast, 
become developed into the epithelium lining the internal ear. The 
mesoblast immediately surrounding the vesicle fonns a supporting 
capsule of fibrous tissue, which completes the membranous parts of 
the internal ear. 

Part of the mesoblast around the otic vesicle becomes liquefied, 
and gives origin to the canals and 8pa(‘es in which the membranous 
labyrinth lies, the neighbouring mesoblast is changed into cartilage 
which ossifies and fonns the bony parts of the ear. 

The auditory nerv^e is develoi>ed from the hind-brain, and grows 
through the mesoblast towards the otic vesicle. It is recognisable 
from its having some ganglion cells in its growing extremity from a 
very early period of its development. 

The Eustachian tube and the tympanum, or cavity of the middle 
ear, are formed in connection with the inner part of the first visceral 
cleft, and the ossicles are developed from the corresponding visceral 
arch, namely, the hyo-mandibular, * 

The membrana tympani is fonned at the siiiface of the eii^Jiryo, 
the adjacent parts grow outwards and give rise to the external audi- 
tory meatus. 

Development op the Skull and Face. 

The bones of the roof of the skull and of the face are cliieflv 
derived from membrane, those of the base of the skull being laid 
down in cartilage. 

At the ce]>halic extremity of the notochord is a mass of unclefi 
mesoblast, called the investing mass, corresponding to that from 
which the vertebieB are developed. 

From this arises two prolongations, which diverge and then unite 
again, leaving an interval ; and the united portion becomes once* 
more divided into two processes, the trabecule^ cranii. 

The mesoblast behind the interval receives the name of the occipito- 
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sphenoid portion ; the interval is the rudiment of the sella tunica, 
•which is occupied by the pituitary body. The part of the mesoblast 
in front of this, is called the spheno-etlimoidal portion. 

From the occipito-sphenoidal portion are developed the basi- 
occipital together •svith the posterior part of the sphenoid. At the 
sides of the medulla oblongata processes are sent up, whkh unite 
round it and form the foramen magnum. Laterally the mesoblast 
envelops the auditory vesicles and forms the side portions of the 
ocjfipital bone. ® 

In the cartilaginous antecedent of th# temporal bone there are 
three centres of ossification — the epiotiCy which develops the mastoid 
process ; the prootic, which is in the region of the superior semi- 
circular canal ; and the oimthoticy which is at the cochlea. 



Piff. 293.— Basis cranii of a cm 1?, 
^ sixth day. (Huxley.) 

3. Traheculte. 

4. Pituitary space. 

1. Notochord. 

5. Intsmialcar. 



Fifi*. 290.— Longitudinal section 
through the head of an embryo 
of four weeks (Kolliker). 

V. Cavity of cerebral hemisphere. 
n.no. Optic vesicle, 
r. Cavity of third ventricle. 

M. Cavity of mid-biuin. 
ft. Cerebellum. 

//. Medulla. 

0 . Auditory depression. 
f. Basis cranii. 

Tentorium. 1 
p. Pituitary body. 


The sphcno-ethnioidal portion develops the anterior part of the 
sphenoid together with the ethmoid hones and tlie cartilage of the 
septum of the nose, the first arising from the hack part is developed 
from membrane. The trabeculee are carried forwards, and bending 
down at the nasal dei)res&ion form the lateral nasal cartilages and 
the anterior part of the septal cartilage. 

The face is developed in connection with ridges known as the 
rtuceral folds or arclm, between which are a number of clefts, thm 
visceral clefts. 
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The eyes and the oi)emn^f8 of the nose are in the fewse ; whilst 
the ear arises at the side of the face, in connection with one of the 
visceral clefts. 

The nasal depressions or pits appear in the wall of the head, cover- 
ing the anterior part of the brain. 



Pig. 300.— 'Different stages of the development of the head and face of a human embiyo. 

A. Bmbryo of four weeks. (Allen Thomson.) B. Embryo of sis: weeks. (Ecker.) 

C. Embryo of nine weeks. (Allen Thomson.) 

a. Auditory vesicle. 1. Lower jaw, T. First pharyngeal deft. 

Just above the first visceral ai’ch or fold is the depression which 
ultimately becomes the buccal cavity, and unites with the alimentary 
tract to form the mouth. 

The first fold is called the mandibular ; this gives off at either end 
a process which grows upwards and inwards, forming the rudimeijt of 
the superior maxillary bone and side of the face. 

Between these is a median process, the fronto-nasal, which gives off, 
on the inner sides of the nasal grooves, projections whica form the 
inner nasal processes ; these nnite with the superior maxillary pro- 
cesses to close in the nostril and form the lip. 

The outer nasal process is a thickening on the outer side of the 
nasal depression, which running down towards the sujjerior maxillary 
process, forms eventually the lachrymal duct. 

The mandibular arch forms the lower jaw, and between this and 
the superior maxiHary process the buccal cavity is developed chiefly 
by the outgrowth of the surrounding tissue ; the epiblast lining this 
becomes thinned away, an^l the subjacent mesoblast and hypoblast 
‘disappear ; and thus the buccal cavity is made continuous with that of 
the ahmentary canal. 



DEVELOPMKSrr OF THE NOSK 


^609 

The cAvities of the nasal depressions at hist open into the buecal 
cavitjr by means of the nasal grooves ; after a time, howevery pro^ 
cesses arise from the superior maxilliB which grow inwards, and 
finally meet one another in the middle line, forming a broad plate 



£1g. :)01 .—Vertical section of the head of an embryo of a rabbit. (HihaUcovics.) 

In A. there is no connection between the buccal cavity and the forqgrut. In B. the 
connection is established. 

m. Epiblast of neural canal. ic» Part of basis cannii which receives 

A. Heart. e. Cavity of fove^Min. the pituitary body. 

me. Cavity of mid'-lxnahi. am. Amnion. 

mo. Cavity of medulla. py. Fart of heart cavity going to form 

«p.o. Spheno-occipital parts of tbo the pituitary body. 

basis cranii. * f./. Fore-gut. 

^.e. Bpheno-ethmoidal part of tho rh. Notochord. 

basis cranii. if. Infundibulum. 

• 


of tissue intervening between the nasal cavity above and the buccal 
cavity belong The palate when complete in front gradually closes 
towards the back of the buccal cavity, and here the communication 
between the nose and the pharynx is left. 

Imperfect development of these parts gives rise to the common 
cougenitalPdeformities, cleft-palate and hare-lip. 

The first cleft is the hyo-mandibular ; it forms the tympano* 
Eustachian cavity, which becomes separated from the surface by the 
closure of its outer end by the growth of the membmna tympani, the 
external auditory meatus and ear being formed by an outgrowth of 
the tissue surrounding the tympanic membrane. 

The mandibular arch contains, dose to* its connection with the ^ 
superior maxillary process, a rod of cartilage, called Meckel’s cartilage. 

• li B 
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Thb becoam partli^ converted into the malleiiB) partly into the 
internal lateral ligaments of the tempoxo-maxillaiy articulation* 

The seoondi or hyoid arcb^ gives origin to the incus, the stylo- 
hyoid j^aocess and ligament, together with the lesser wings of the 
hyoid bone* 

- Erosa the third arch arises the body and greater wings of the hyoid 
bone together with the thyroid cartilage. 
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ilbieiiM. The line forming the basis of measurement of graphic records, along 
which the time measurement is commonly made. 

Accommodation. The focussing of the eye for different distances ; it depends 
upon changes in the lens, which becomes more convex for near objects. 

Aoinoni glands. Secreting organs composed of small saccules filled with glan- 
dular epithelium connected with the twigs of a branched duct ; like the berries 
on a bunch of grapes. 

Adenoid tissue. The follicular part of lymphatic glands composed of reticular 
tissue containing the lymph corpuscles. 

Adequate stimulus. The particular form of stimulus which excites the nerve- 
endings of a special sense organ. 

Afibrent nerves. Nerves bearing impulses to the great nervous centres, from 
the various parts of the body, so as to give information to the sensorium, or 
to excite reflex actions. 

Agminate glands. A name applied to those lymijh follicles tliat occur in groups 
in the lower part of the small intestine. 

Albumin. A term, derived from the Latin for the white of egg used 

in physiology to denote a complex chemical substance which may be obtained 
from ova, blood-plasma, and ^ny tissues of animals and plants. 

Albuminoids. A class of nitrogenous substances allied to the albumins in com- 
posHion, but differing from them in many important respects. 

AUantofs. A vascular out-gro\^h from the embryo w^hich in mammals helps to 
form the placenta, and in birds becomes the respiratory organ of the embryo. 

Alveoli. The term used to denote the small cavities found in some parts, such 
as the air siAces of the lungs. 

Amnion. The membranous sac which grows around the embryo and envelops 
the foetus while it is being developed in utcro. 

Amoeba. A unicellular organism consisting of a nucleated mass of protoplasm. ^ 

Amorphous. Without definite or regular form ; the opposite of crystalline. 

Amylolytio. delating to the conversion of starch into dextrine and grape sugar. 

Amylopsin. A ferment in the pancreatic juice, which converts starch into sugar. 

Analgesia. A condition of the nervous centres in which pain cannot be felt, but 
ordinary tactile and other sensations remain unimpaired. 

Analysis. A separation into component parts ; the splitti]% up of a chemical 
compound into its constituents. 

Anastomoses. The direct union of blood-vessels without the intervention of a 
capillary network. * 4 

Aneleotrotonns. A peculiar electric condition of a nerve, resulting from the 
passage of a current through the nerve, but confined to the region where the 
current enters, t.c., the neighbourhood of the positive pofe* 
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luoAl. Tlie poi^tiTe pole or electrodo— i.o., the pole by whidi the electric cur* 
reht enteni » gabstaace. 

Apiim. A itete of oeggation of the breathing moTementg from non-exoitation of 
Hie feqplmtory nerre centre on account of an unusually arterial state of the 
biood. 

Am tThe outer zone of the blastoderm from which the foetal membranes 

an^OTeloped. 

Am pellneida. The central spot of the blastoderm from which the embryo 
chick is developed. 

Arteriole. A small artery ; usually applied to those vessris the walls of which aro 
laigely composed of mii^le tissue. ^ 

Arthroieg. Movable joints which have a synovial membrane. 

Aiphyxia. A term meaning, literally, cessation of the pulse, such as occurs from 
interruption of respiration, now commonly used as synonymous with suffocation. 

Assfailntiim. The chemical combination of new material (nutriment) with living 
tissues. This forms the most characteristic property of living matter. 

Astigiafttiim. Unevenness of the refracting surfaces of the eye; when engaging 
the entire cornea, it is called regular,” and affecting a local part, * irre- 
gular ” astigmtism. 

Atonui. The ultimate indivisible particles of matter. 

Atn^hy. A wasting from insufficient nutrition. 

Antinnatie. Self-moving — t.e., acting without extrinsic aid ; a term applied to 
the independent activity of certain tissues (such as the nerve centres), the 
exciting energies of which are not readily determined. 

Axis cylinder. The essential conducting part of a nerve fibre, which is composed 
of fine strands of protoplasm. 

Bacteria. A class of minute fungi, which occur in all decomposing animal or 
vegetable substances. 

Bilimrai. The red colouring matter of the bile of man and carnivora. 

BiliTcrdin. The greenish colouring matter of the bile of herbivorous animals. 

IKncciilar. Pertaining to vision with two eyes. A combination of the effect of 
two retinal impressions by means of which the appearances of distance and 
solidity are arrived at. 

Biology, The science of life. 

Blactodcrm. The primitive cellular, membrane formed by the segmefitation of 
the ovum, in a part of which the embryo is developed. 

Blood-prcisiirc. The force exercised by the blood against the walls of the vessels. 
It is very great in the arteries, and therefore causes a constadt stream through 
the capillaries to the veins. 

CasaUcall Minute channels which connect the small cell spaces or lacuna of 
bone with each other, and contain protoplasmic filaments uniting the neigh- 
bouring ceils. ^ 

BirMiydratCf . Compounds of carbon, hydrogen, and oxygen, in which the oxy- 
gen and hydrogen exist in the proportions requisite to form water. 

Cardiograph. An instrument by means of which the heart's impulse is trans- 
mitted, throulh an air tube, from a tambour on the chest wall to another 
which makes a record on a moving surface by means of a lever. 

Catiloetrotoiitte. A peculiar electric state of a nerve m the region where a 
current passing thronglf it leaves the nerve, i.c., near the negative pole. 

The negative pole or electrode— «.e., the one by which the electno. 
oorrent leaves a substance through which it is passing. 
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Centripetal. Afferent. 

Centimgai. Sfferent. 

Cerebral Teiielei. Prixnitiye swellings on the primary nonral tube of the earl/ 
embryo which develop into the brain. 

Chemical elements. Substances which cannot be split up into components! mid 
therefore are regarded as simple. 

Chlorophyll. The green colouring matter of the cells of plants. It is supposed 
to be the agent which, under the influence of light, decomposes carb<A dioxide 
and water to form the cellulose and starch of the plant. 

Cholesterin. A substance occurring in the bile, white matter of the brain and 
spinal cord, and in small quantities in many other tissues. Chemically it is 
a l^riatomic alcohol. ^ 

Chorda dorsalis. The precursor of the vertebral column of the embryo. 

Chorion. The outer layer of the membranes of the ovum, part of whidi becomes 
vascular, and helps to form the placenta. 

Choroid. The vascular coat of the eye-baU. 

Chromatie aberration. The alteration of white light into prismatic colours 
during its passage through an ordinary lens. 

Chyle. The fluid al^rbed from the small intestines by the lacteals. 

Cilia. Minute vibiatile processes which occur on the surface cells of the respira* 
tory and many other epithelial membranes. 

Cireomvallate. Large papillss situated at the back of the tongue* They are 
surrounded by a fossa in the walls of which lie taste buds. 

Cloaca. The common opening of the genito- urinary organs into the primitive 
hind gut of the embryo. The cloaca persists in birds. 

Colloid. That condition of quasi-dlssolv^ matter in which it will not diffuse 
through a membrane such as parchment. The opposite of crystalloid. 

Co-ordination. The adjustment of separate actions for a definite result, as when 
the nerve-centres cause various distinct muscles to act together and produce 
complex movements. 

Cytod. A term suggested to denote aliving protoplasmic unit which has no nucleus. 

Doeidna refleza. The outgrowth of the uterine mucous membrane which sur- 
rounds the ovum. • 

Decidua serotina. The part of the modified mucous membrane of the uterus in 
wUch the fecundated ovum is lodged. 

Decidua vera. The altered mucous membrane of the uterus, which lines that 
organ during gestation. 

Deglutition. ]fhe act of swallowing. 

Desquamation. The term used to denote the casting off of the outer layer of the 
skin. 

Dialysis. The diffusion of soluble crystalloid substances through membranes 
such as parchment. 

Diastole. %e period of relaxation and rest of the heart's muscle. 

Diorotism. The double wave of the arterial pulse. The dicrotic wave is seen on 
the descending part of the pulse curve. 

Dioptric media. Transparent bodies, such as those parts of the eye which so 
refract the light that images come to a focus on the reripa. 

Distal. A term used to denote a part relatively far from the centre. 

Duetns arteriosus. A short bond of union between the pulmonary artery and 
the aorta, which in the fmtus carries blood from the right side of the heart into 
the aorta. • 

Dnotns venosns. A vessel which, in the foetus, carries blood from the umbilical 
vein to the vena cava. After birth it becomes a fibroigi cord. 
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]hl0tni irftiUo-lsiteitisMUil, The tmion between the yolk ctac and the inteel^e 
of the emtoo. 

Dtmcnlty of hmthing ; it is a condition in vhieh inordinate respira- 
toiy moTfiments are excited by an ttnusnally Tenons state of the blood in the 
mplnitoiy nerre centre. 

XetoAetai* The outer layer of simple organisms* 

Xntnsantb A term applied to certain unicellular organisms, meaning the outer 
layer or covering. 

21#Otrodef. The two terminals which are applied to a substance in order to complete 
tl|§ circuit when it is required to pass a current through the substance. 

JSleetrotonus. A peculiar electric state of nerves resulting from the passage of a 
continuous current through them. 

Xmbryo. The name given to the animal at the earliest period of its development. 

Xmmetropie. A term applied to the normal eye, in which parallel rays of light 
are brought to a focus at the retina without accommodation. 

Xmvlaifleation. The suspension of very fine particles of liquid or solid in a 
liquid which is not able to dissolve them. 

Sndodeim. The inner layer of simple organisms. 

Sndpgenons reproduction. The formation of new cells or organisms within the 
My of the parent individual. 

bdolympK The liquid contained within the membranous labyrinth of the ear. 

Sndoimosis. The diffusion of a fluid into a vessel through its walls from the 
exterior. 

Z&dothelinm. The single layer of thin cells which lines the serous cavities, 
the lymphatic and blood-vessels, and all spaces in the connective tissues 
(mesoblastic lining cells), 

Xpibiast. The uppermost of the three layers of the blastoderm, from which the 
epidermis and the nerve-centres are developed. 

Xpitkeliuin. The non-vascular cellular tissue developed from the epi- and 
hypoblast of the blastoderm. 

XupncBU. A term used to denote the normal rhythm of respiratory movements in 
contradistinction from dy^moea and ajmoea. 

Xseito^motor. Impulses which, reflexly, call f^rth motion. 

Ssoito-iaeretory. Impulses calling forth the activity of gland cells, commonly 
applied to aiSerent influences which act reflexly. « 

Xlbtiuogen. A form of globulin obtained from serous fluids, which, on being 
added to a liquid containing serum-globulin, gives rise to the formation of fibrin. 

niKdlioplaitin. A term sometimes applied to paraglobulin or sdhim-globulin. 

TOilbm. A name given to a certain cl^ of the papillsc of the tongue, the points 
of which taper off to a thread. 

Fcbtus. The fiQly-formed embryo while in the uterus or egg. 

Tungilbna. A name ^ven to a certain class of papillsa of the tongue, which are 
shaped like a toadstool. 

OalTasameter. An instrument for measuring the direction and strength of 
nleettic currents by means of the deflection of a magnetic needle. 

0ailg]io&. A sweHing. Chiefly nsed to denote swellings on nerves which contain 
nerve corpuscles. Heuce any group or mass of nerve cells. 

Olitinla. A stage in the development of animals in which they consist of a small 
me composed of two layersrpf cells. 

limnnatieiL Budding — ^a process of reproduction in which a bud forms on the 
paarant organism, and Anally separates as a distinct behag. 
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IHobnliA. A form of albumin insolnbie in pure vater but sdlttbla in mnAk 
soltttions of common salt 

Oloninnilai. A bundle of capillary loops wbicb form part of the llelpighlan 
body of the hidney. 

01yeooliolie aeld. An acid existing in large quantities combined mth soda fH 
the bile of herbivorous animsls, and in lesser quantities in man. 

Olyoogea. Animal starch ; a substance belonging to the carbohydrates, vrhidh ii 
made in the liver. It may be readily converted into grape sdj^r^fioia 
which fact its name is derived, 

Oastatory. Pertaining to the sense of taste. 

^ • 

Hasmatiii. A dark-red amorphous body containing iron ; obtained from the de« 
composition of the colouring matter of the blood (haemoglobin). 

Hasmin. Hydrochlorate of haematin ; easily obtained, as small diark ciyetals^ W 
boiling blood to which some common salt and glacial acetic acid have been added, 

Holoblastic. The form of ova the entire yolk of which enters into the prooeas 
of segmentation. 

Homcsothennio. Even temperatured— a term applied to those animals that keep 
up a regular temperature, independent of their surroundings— warm-blooded 
animals. 

Hyaloid. GFlass-like ; a name given to the delicate membrane enclosing the 
vitreous humour. 

Hydrocarbons. Compounds of carbon and hydrogen. Fats, though containing 
oxygen in addition, have been considered as hydrocarbons. 

Hypermetrople. A term applied to eyes in which the focus of parallel rays of 
light lies beyond the retina ; also called long sight, 

Hypei^ophy. Increased growth from excessive nutrition. 

Hypoblast. The undermost of the layers of the blastoderm, from which the 
pulmonary and alimentary tracts and their glands arc formed. 

Inhibitioxi. A checking or preventive action exercised by some nervous mochan* 
isms over nerve corpuscles and other active tissues. 

Infusoria. A name given to g large class of simple organisms which are found 
in dirty water. 

Irrad^tion. The phenomenon that bright objects appear larger than they really 
are. It is due to the extension of the effect of light on the retina to those 
parts immediately adjacent to where the light rays impinge. 

Xymograph.^ An instrument usedfor recording graphically the undulations of blood* 
pressure, measured directly from a blood-vessel by means of a manometer. 

Laohrymal. Pertaining to the secretion of tears. 

Laonnss. ^mall spaces in the substance of bone tissue, occupied daring life by the 
bone-cells. They appear black in sections of dry bone owing to their con- 
taining air, which replaces the shrivelled cells. 

Latency, or Latent period. The time that elaps^ between the moment of 
stimulation and the response given by an active tissue. 

Lonoin. This is a common product of the decomposition of proteids. It ia 
formed in the later stages of pancreatic digestion. 

Leuoooytei . A term applied to the white bloi^-corpuioles and lymph oeOa 

Lnmen. The open space seen on section of a ttibe, vessel or ghmdular saoddil ; 
the cavity surrounded by the gland-cells, in wMch the secreUon ooUeots* 
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Ivavk. ‘ The liquid colleeted by the absorbent Teseek from the tksaes ; the 
xeimm flow of tiie irrigation stream escaping from the btood-vesids to nouxirii 
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Itaiivilietir. An instrument for measuring pressure ; made of a U-shaped tube 
oentaiaiag Hquid, commonly mercury. 

HeftlUtry tmth. A soft clear sheath around the axis cylinder of medullated 
nertFM, wbich| owing to its refracting power^ gives them the white appear- 
ainee. 

Xttiistniation. The monthly change in the mucous membrane of the uterusi 
whAh accompanies the discharge of the ovum. ^ 

XetoUastie. The form of o^ in which the yolk does not undeigo coxnplete 
segmentation, as that of birds. 

Weioblaet The middle of the riuee layera of the blastoderm from which the 
connective tissues and vascular apparatus of the embryo are formed. 

IKetatelim. The intimate chemical changes occurring in the various oigans and 
tissues upon which their nutrition and functions depend. 

Xetaaephroa. The hinder portion of the Wolffian duct which develops into 
the kidney and ureter. 

XetMoa. A term used to denote all those animals whose ova undergo division, 

I in contradistinction to Protozoa. 

Xieroeoeens. An extremely minute fungus of a round shape. Micrococci occur 
in many solutions of decomposing organic matter. 

Xietiirition. The act of voiding urine. 

Kokenlai, The smallest physical particles of matter that can exist in a separate 
state. They are probably always constituted of two or more atoms. 

Morphology. The science which treats of the forms and structure of living beings. 

Morula. The stage of development of the ovum after segmentation in which all 
the young cells are alike, before the blastoderm is formed. 

XfUlorian duct. An embryonic structure from which are formed the genital 
passages in the female, viz.. Fallopian tube, uterus, and vagina. 

ftyograph. An instrument for graphically recording musclo contraction. 

](yosi]i. The substance formed by the coagulation of muscle plasma. It is one 
of the globulins. ^ 


Haturil nerve eurrenti. The electrical currents passing through an ei^sed 
muscle or nerve while in the state of rest. 

Kenrogliu. The reticular connective tissue which binds together the elements of 
the nerve-centres. i« 

Kon-polarisable electrodes. Specially constructed electric terminals which do 
‘ not set up secondary currents on application to the moist living tissues. 

Vetoohord. The primitive vertebral axis of the embryo. 

Vncleolus, A small spot observable in some nuclei. 

Htldeus. A central part of a ceU differentiated from the main {Protoplasm, 
ecpimonly round, but sometimes elongated as in muscle. 

OddttMlAftl. Living cells lining the pulp-cavity of the interior of a tooth, 

, and presiding overd^he growth and nutrition of the dentine. 

OUlMtory. Pertaining to the special sense of smell. 

OnidialOtlttMcntcric. The vessels connecting the embryonic circulation with 
the yolk sac, which are early^obliterated in the mamm^ian foetus. 

Ophtlmluioicnpc, An instrument consisting of a small minur by which the 
Interior of the eye can be illuminated so that the fundus may be viewed. 
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Optle enp. The inybluted opiic reidcle which is dereloped into the letinak dbc# 

Ol^hmeogloMiL ^ The eolonring metter of the red blood-oozpusdee. 

PareittiMiiim, A unioellnlar organism composed of a soft mass of protoplasm 
enclosed in a firmer case and covered wi^ motile cilia. 

Parapeptone. A stage in the formation of peptone produced in gastrio 
dig^ion. ^ 

Pepsin. A ferment existing in the gastric juice which converts proteids into 
peptones. 

Peptone. A form of albumin which is produced during the digestion of proteids ; 
^ is very soluble and diffuses readily through membrane. 

PerU3rmph. The liquid surrounding the membraftus labyrinth of the ear. 

Peristalsis, The mode of contraction of the muscular walls of certain tubes, as 
the oe^phagus and intestine, the effect of which is to cause a progressive 
constriction, and so force the contents of the tube onwm^ds. 

Phakosoope. An instrument for estimating the changes in the shape of the lens 
during accommodation by doubling the reflected images with a prism. 

Placenta. The intra*uterine organ by means of which the foetal blood is brought 
into close relationship to that of the mother, so as to gain nutriment and 
oxygen and get rid of effete matters. 

Plasma. A term meaning anything formed or moulded ; it is applied in physiology 
to indicate chemically complex kinds of matter which subserve to the forma- 
tion of the living tissues. 

Poikilothermio. Varying in temperature. A term applied to those animals whose 
temperature varies with that of the surrounding medium — “cold-blooded 

Presbyopia. A term denoting the loss of power of accommodation for near 
vision, which accompanies old age. 

Protista. A term used to denote the large group of organisms which remain in 
the primitive state of a single cell during all their lifetime. 

Protooooous. A unicellular vegetable organism, the protoplasm of which contains 
chlorophyll. 

Protoplasm. The substance '^ich gives rise to the primitive vital phenomena, 
seen in unicellular organisms, and which is the chief agent in executing the 
functions of all the active tissues. 

ProtoYortebras, The primitive segments of the mesoblast in the site of the future 
vertebral column. 

Protozoa. The division of the protista which has been assigned to the animal 
kingdom.* 

Proximal. ^ A term used to denote a part relatively nearer to the centre. 

Psoudopodia. A term applied to the projections thrown out by moving proto- 
plasm, by means of which cells, su(^ as amoebae, move. 

Ptyalin, ^he ferment of the saliva. In a weak alkaline solution it converts 
starch into dextrine and sugar. 

Bofiox action. The activity caused by a ganglion cell reflecting an afferent 
impulse along an efferent nerve to the neighbourhood of original stimula- 
tion. 

Bofkaction. The bending which rays of light undergo when passing obliquely firom 
one medium to another of different density. • 

Betienliim. A network ; a term applied to the interlacement of fibres, suiMul 
is seen in reticulated connective tissue, Ac. 
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fnof . An arrangement ’whidi the in the electrie intMct 
of one mnsok o£ a frog is ma^ to not as a stimnlns to the Him of 
another, 

iaponifieatioii. The formation of soap; the decomposition of oils or fats by 
means of atkalis into salts of the fatty add and glycerine, 
flar o oiaotig acid. The principal add in dead musde. It has a dextro-rotatory 
power on polarized light, whidi ordinary lactic acid does not possess. 
Sarooleinina. The delicate sheath surrounding the fibres of skelet^ muscles. 
Scleroti^ The fibrous coat of the eye-ball. 

Seniorimn. That part of the nerve centres which is supposed to perceive seitsory 
impressions. e 

0cmat(^leiire. The subdivision of the mesoblast which, with the attached 
epiblast, forms the body-wails of the embryo, 
gpeeide gravity. The relation of the weight of a given volume of any substance 
to the weight of an equal volume of distilled water at 4** G. 

Bj^eiioal abenation. The different degrees of refraction at different parts of 
a lens giving rise to different focal lengths, and causing an indistinctness of 
the image. 

Sphyginograph. An instrument for obtaining a graphic representation of the 
pulse- wave by means of a lever applied to the radial artery at the wrist 
iplaadmoplenre. The subdivision of the mesoblast which, with riie attached 
hypoblast forms the chief visceral cavities of the embryo, 
gperadio ganglia. Swellings occurring in the course of the peripheral nerves 
caused by a group of nerve corpuscles. 

Bteapiin. A ferment existing in the pancreatic juice which causes or aids the 
sa^nification of the fats. 

Sudoriferous glands. The small tubular glands of the skin which secrete the 
perspiration. 

. Summation. The adding together of several single contractions of muscle to form 
a tetanic contraction ; the accumulation of stimuli. 

Sutnros. Unions formed by the direct apposition of bones without intervening 
cartilage. They do not permit of motion. 

Sympathetio nerve. The ganglionic nervous cora on either side of the vertebral 
column. It transmits most of the vaso-motor impulses coming from the 
cerebro-spinal centres. 

Symphysis. A form of joint without synovial membrane in which the bones are 
fixed together by fibro-cartilage. 

Synthesis. The artificial building up or construction of a ohenScal compound 
from simpler materials. Natural processes are not termed syntheses. 

Systole. The period of contraction of the heart’s muscle. 

Tavroeholie acid. An acid existing in combination with soda in the bile of man 
and of carnivorous animals. ^ 

Tetanus* In physiology is used to denote the prolonged contraction of the 
skeletal muscles which follows rapidly repeated stimulations or nervous 
impulse. 

Thalameneephalon. 41ie part of the anterior cerebral vesicle which is left after 
the differentiation of the optic lobes and cerebral hemispheres. 

Thromhoeis. The occlusion of a vessel by a local coagulation of the blood. 
T»{dl)eeiil». A term used to denote the supporting bars of tissue that pass 
through some organs, such as those procee&ig from the capsule to the interior 
of the spleen or lymphatic glands. 
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7roflli0« fiolaUng to nutrition. 

Xvjir^iiE. A ferment in the pancreatic juice which in alkaline solu^ons converts 
proteids into^ptones. 

Ijpxeain. A substance formed together with Jeucin during pancreatic digestion ; 
it is also produced by putrefaction of proteids* 

tTraehns. The bond^of union which at an early period connects^he urina^ 
bladder with the* allantois in the embryo ; it is subsequently ^literated in 
tiie foetus. 

Timoles. Small cavities such as occur in cells. They are suppowfl to have 
important iunctions in many unicellular orgaiiisms. 

Vagus. The part of the eighth pair of nerves distributed to the viscera of thSi 
thoras and abdomen, it is the great regulating nerve of the vegetative func- 
tions. 

Vasomotor. The name given to the nervous mechanisms controlling the move- 
ments of the muscle-wall of the blood-vessels. 

Villus. A hair-like process. A term applied to the small projections character- 
istic of the small intestine. They contain blood vessels and laoteals, and are 
important in absorption. 

Vitellus. Tbe yolk of the ovum, which in mammals divides completely to form 
the embryo. In birds only a part divides, and the rest serves to nourish 
the chick. 

Vortioella. Bell animalcule, a bell-shaped unicellular organism with a rudi^ 
mentaiy ciliated mouth cavity and rapidly contractile stalk. 

WolfBlan body. An embryonic structure tbe forerunner of certain parts of the 
genito-urinaiy apparatus. 

Zymogen. A peculiar substance existing in the secretion of the pancreas 
supposed to give rise to the pancreatic ferments. 



INDEX 


Abbovival respiration, 268 
Abscissa, 383 
Absorption, 147 
' — methods of, 159 
Accelerator nerves of the heart, 225 
Accommodation, defects of, 480 

— mechanism of, 478 
Acinous glands, 94 
Adenoid tissue, 301 
Afferent cardiac nerves, 226 

— nerve fibres, 413 
Air passages, 263 

Air, pressure differences in the, 275 

— volume of, 276 

Ampullae of the semicircular canals, 
508 

Amylopsin, 126 
Albumin, acid, 39 

— alkali, 40 

— > coagulated, 40 
Albuminates, 39 
Albuminoids, 41 
Albuminous bodies, 37 
Albumins, classification of, 38 

— derived, 39 

— tests for, 38 

Alimentary canal, development of, 
576 

Alimentary tract, 76 
Allantoin, 45 
Allantois, 555, 559 
Alveoli, 275 
Amnion, 555 
Amoeba, 14 

— assimilation of, 59 

— discrimination oi^ 60 

— movements of, 52, 59 
Analgeda, 548 
Anastomoi^ 227 
Anelectrotonus, 423 
Animal heat, 353 

— ejpenditure of, 357 


Animal heat, gain of, 357 

— mode of production of, 

356 

— nervous control of, 358, 362 

— radiation and conduction of, 

358 

Animals, food of, 64 
Anode, 419 
Anus, 00 

Anvil bone of ear, incus, 505 
Aorta, 207 
Aortic arches, 595 
Apnoea, 280 
Aqueous humour, 460 
Area opaca, 553 

— pellucida, 553 
Arterial blood, 288 

— pulse. The, 247 

— system in the foetus, 594 

— tone, 256 
Arteries, 228 

> - development of the, 595 
Arthrosis, 398 

Asexual reproduction, 546 ^ 

Asphypda, 289, 295, 521 
Assimilation, 6 
Astigmatism, 482 

Atmosphere, composition of the, 261, 
285 
Atoms, 5 

Auditory nerve ending, 508 

— nerve, cochlear division of the, 

508 

Auerbach’s plexus, 91 
Augmentation of nerve cells, 434 
Auricles of the heart, 206 
Automatic centres in spinal 
515 

Automatism, 526 

— of nerve cells, 432 
Axis cylinder, 21, 414 

— of spinal cord, 513 
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Bacteria, 57 
— - wound infection, 58 
Baeal ganglia, 5Sf8 
Baiement membrane, 18 
Belladonna, action on the eye, 480 
Bell animalcule, 61 
Bile, 127 

-- compoaition of, 133 

— ductB, 131 

— functions of the, 138 
method of obtaining, 133 

— salts, 43 

— secr^on of, 136 

— tests, 135 
Bilirubi^ 135 
Bilirerdin, 135 
Binocular vision, 498 
Blastoderm, 12 

— of egg, 551 
Blind spot, 489 
Blood, amount of, 169 

— arterial, 288 

— carbon dioxide in the, 194 
change from venous to arterial, 

288 

— changes in the tissues, 292 

— changes in the spleen, 304 

— chemical interchanges in respi- 

ration, 279 

— circulation of the, 204 

— circumstances influencing co- 

agulation, 197 

— coagulation of, 172, 195 

— colouring matter of, 1^7 

— current, velocity of the, 253 

— destiny of the red discs, 192 

— fibrin of, 172 

— fibrin ferment, 175 

— fibr^ formation, 201 

— gases in the, 193, 291 

— general characteristics of the, 

168 

— globin, 192 

— blematin crystals, 190 

— haemin crystals, 191 

— haemoglobin crystals, 183 

— liquor sanguinus, 171 

— nitrogen in the, 194 

— origin of white corpuscles, 

180 

— oxygen in the, 194 

— plasma, 86, 171 

— plasma, composition of, 173 

— red corpuscles, 177 


Blood, red corpuscles, development 
the, 192 

~ serum, 173, 176 

— spectra of, 189 

— tension of gases in the, 292 
— Valentine’s method, 169 

— vascular system, development 

of, 587 
venous, 288 

— Weber's method of estimating 
amount of, 169 • 

~ ♦Welcker's method, 170 

— white corpuscles, 178 
Blood corpuscles, 171 ^ 

— corpuscles, action of le-sgents 

on, 183 

— corpuscles, method of counting, 

185 

— corpuscles, size and shape of, 181 
Blood-pressure, 234 

— changes with respiratory move- 

ment, 244 

— curve, 242 

— measurement of the, 237 

— relative height of, 240 

— respiratory wave of, 244 

— tracing, 257 

— variations in the, 241 
Blood-vessels, 227 

— nervous control of the, 269 

— relative capacity of, 231 
Bone, 30 

Bones of middle ear, 505 
Brain, 529, 534 

— development of, 573 

— effect of stimulation of, 543 

— fibres and cells in the, 584 

— function of the, 535 

— recovery after injury of, 544 

— result of removal of parts of, 

536, 543 

— ventricles of, 529 
Breaking idbock, 419 
Bronchial tubes, 263 
Briinner's glands, 141 

Buccal cavity, development of tbe, 609 
Butter, 70 

• 

Calabar bear, action on the eye, 480 

Calamus scriptorius, 279 

Camera, 474 

Canaliculi, 30 

Capillaries, 204, 229 

Carbobydrales, 46 
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‘OaxlMHAie Aeid in tlte atwofiplieiey 285 
itL expired a!tr» 2$5 

— gw, 49 1 

Cardiac oentreinmedullaobloBgata, 5S3 

— tafiatre centres, 228 
Caxdiogmpli, 217 
Cartilage, fibre*, 29 

**- Hyaline, 29 

— ossifying, $1 

— *«Mte fibro*, SO 
Casein, 40, 814 

Cateleotrotonus, 428 f 

Cathode, 419 
Cell contents, 11 
^ modification of ori^nal, 13 

— reproduction, 53 
. ~ wall, 8, 10 
Cells, 8 

— animal, 9 

— budding of, 54 

— development of, 14 

— differentiated, 13 

— endogenous reproduction of, 54 

— indifferent, 12 

— in spinal cord, automatic action 

of, 526 

— life history of, 55 
— - nerve, 418 

— varieties of, 12 
Cellulose, 58 
Centrifugal nerves, 413 
Centripetal nerves, 413 
Cephalic or head fold, 554 
Cerebellum, 534 

Cerebral functions, localisation of tlie, 
642 

— bemispberes, 534, 541 
Cerebrin, 48 

Cerebrum, histology of the, 540 
Cervix 563 
Chalasa of egg, 551 
Changes in pancreatic cells, 123 
Cheese, 71 

Chemi(^ elements, 5 

— basis of body, 38 

— Stimnlation of muscle, 875 

— stimulation of nerve, 418 
Chloride of sodium, 49 
Chlorophyll, 58 
Choleisiei^, 44, 135 

Cholin, 44 c 

Cbonmin, 42 

Chorda dorsalis, or notodiord, 567 
Ch<ffoid, 466 9 


Chorion, 560 , 

Choroidal fissure, 601 
Chromatic aberration^ 481 
Chyme, 119 
Ciliary ganglion, 441 

— muscle, 466 

— processes, 466 • 

Ciliated epithelium of bronchi, 265 
Circulation of the blood in the feetus, 
590,596 

Circulation, physical forces of the, ^3 
Circumvallate papillae, 94, 460 
Cochlea, 507 

— basilar member of, 510 

— development of the, 605 

— rerve endings in the, 508 

— organ of Corti, 510 

— rods of Corti, 610 

— reticulated membrane of, 510 
Cold-blooded animals, 353 

Colon, 89 
Colostrum, 314 
Colour perception, 493 
Common salt, 49 
Complemental air, 277 
Complementary colours, 494 
Connective tissue corpuscles, 28 
Contractile tissues, 23, 25, 365 

— vesicle of paramaecium, 61 
Convex lenses, 473 
Convergence of rays of light, 476 
Convulsions, 621 
Co-ordination, 536 

— of Muscular movements, 520 

— of nerve cells, 431 

Cornea, 466 ^ 

Corpora quadrigemina, 522, 584 

— striata, 538 
Corpus callosum, 529 t 
Corpuscles, blood, 171 

— of Hassall, 301 
— Malpighian, 302 

— salivary, 98 

Coughing, 283 ® 

— centre, 531 
Cranial nerves, 436 
Crura cerebri, 587 
Crying, 284 
Crystalline lens, 469 

— development of the, 470 

— structure of, 471 
Ourara, 875 

Cutaneous desquamation, 819 
Cytode, 9 
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BiiriiWs battery, 418 
Decidua reflexa, 561 

— serotixia, 559 

— vera, 561 

Defiecation, mechanism of, 89 
Deglutition, 78 

— nervous mecbanism of, 88 
Depressor nerve, 257 
Development, 550 

— of alimentaiy canal, 576 

— arterial system, 595 

5^ blood vascular system, 587 

— brain, 573 

— ear, 604 

— eye, 600 

— genito-urinary apparatus, 531 

— heart, 587 

— kidneys, 584 

— liver, 580 

— lungs, 680 

— nose and mouth, 608 

— oesophagus, 580 

— pancreas, 580 

— sexual organs, 685 

— skull and face, 606 

— spinal cord, 571 

— spleen, 580 

-- venous system, 596 

Dextrose, 46 
Diaphragm, 270 
Diastole, 213 
Diet table, 352 
Digestion, mechanism of, 75 
Dioptric apparatus, defects of, dSl 

— media of eye-ball, 469 
Direct vision, 490 

Discus proligerus, 549 
Drum of the ear, 503 
Du Bois Bey^ond’s spring myograph, 
382 

Ductless glands, 298 
Ductus Arteriosus, 206, 594 

— venosus, 593 

— viteilo-intestinalis, 559 
Dyspnoea, 280 


Ear, auditory canal, 503 

— conduction of sound through 

the, 502 

— cochlea, 607 

— dev^opmOiit of the, 604 


Ear, Euatadhian tube, 506 

— labyrinth of the, 603, 607 

— nerve endings in the, 508 

— organ of Corti, 510 

— ossides of, 504 

— semicircular canals^ 508 

— tympanum of, 603 

— of birds, 503 

— of fishes, 602 
Ectoderm, 15 

Ectosarc of paramsBcium, 61 ^ 
Efferen;^nerve fibres, 413 
Effete products, 44 
Egg albumin, 88 
Egg, development of the, 650 
Eggs, 72 
Elastin, 42 
Electric shock, 418 
~ stimulation of muscle, 375 

— stimulation of nerve, 418 
Electrodes, non-polarisable, 872 
Electrotonus, 422 
Embryonic chick, 654 
Emmetropic eye, 478 
Emulsification, 126 

End bulbs (Krause’s), 450 
Kndoderm, 15 

I Endogenous division of cells, 54 
‘ Kndolymph of inner ear, 506 
{ Endosarc of paramaacium, 61 
‘ Endothelium, 154 
Epiblast, 12, 16, 653 
I Epithelid tissue, 17 
I Epithelium, ciliated, 19 
I — columnar, 19 

i — glandular, 19 

— scaly, 19 

* — stratified, 18 

) Equilibration, 536 
I Eupncea, 280 
I Eustachian tube, 506 
, — development of the, 606 

Excretions, 317 
Expiration, 268 
I — muscles of, 273 

' Eye, 465 

1 — development of the, 600 

i — dioptricg of the, 473 

— motor nerve of the, 436 

— range of distinct vision, 478 

— ^tunics of the, 466 
Eye-ball, dioptric media of, 469 
Eye-balls, movements of the, 496 

muede^of the, 497 
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Facs> devdopment of the, 606 
Falli^iaiL tubeo^ 649 
FAto,47 

Fehliag's Aoliitioii, 108 
Few, wiations of temperature m, 
861 

Fibrin, 40, 172 
Fibrinogen, \!9, 174 
Fibrinoplaatin, 174 
Fibrous tissue, 26 
Flok*s p^dnlum myograph, 382 

— spring manometer, 243 ^ 
Filiform papillse, 94, 400 
Fmoes, 145 

*F<ntal circulation, 590, 596 
Food, changes in the mouth, 106 

— chemical composition of, 66 

— inorganic, 66 

— organic, 66 

— requirements, 65, 346 

— special forms of, 67 

— suitable proportion for healthy 

nourishment, 352 

— stuffs, ultimate use of, 351 
Foramen ovale of foetal heart, 589 
Fovea centralis, 474 
Fungiform papillse, 460 


Gall-Blai>dsr,137 
Galvanometer, 372 
Ganglion oella, 21, 429 

— in the spinal cord, 513 

— heart, 22 

— sympathetic, 22 
Gastric ^nds, 111 
Gastric juice, action of, 115 

— chanters of, 112 

— method of obtaining, 113 

— secretion of, 113 
Gastrula, 15 
Gelatin, 42, 349 
Gemmation, 54 

Genito-urinary apparatus, development 
of, 581 

Germ epithelium, 547 < 

Germinal spot, 549 
— - vesicle, 549 

Giddiness, 459 ( 

Gilte, 262 

Glands, agminate, 800 

— blood-elaboratingt^ 297 


Glands, lachrymal, 309 

— mammary, 812 

— meibomian, 812 

— mucous, 810 

— sebaceous, 811 

— sudoriferous, 817 
Globulin, 39 

Glosso-pharyngeal nerve, 442 
Glottis, 263, 404 
Glycin, 45 

Glyco-cbolic acid, 43, 134 
Glycocoll, 45 
Glycogen, 47, 805 

— preparation of, 307 
Glycogenic function of liver, 305 
Gmelin’s test for bile, 186 
Goblet cells, 20, 156 
Graahan follicle, 547 

Grape sugar, 46 
Gravid uterus, 563 
Gustatory nerves, 460 


Hahmbr bone of ear, malleus, 505 
Haversian system, 80 
Hearing, 499 
Heart, 203 

— action of drugs on the, 225 

— development of, 587 

— innervation of the, 220 

— movements of the, 213 

— muscle, 209, 367 

— xauscular fibres of, 208 

— ' rhythm of the, 213 

— sounds, 218 o 

— valves of the, 206, 210 

— work done by the, 255 
Heart beat, cycle of the, ^^15 
Heart's impulse, 217 

Heat regulation, 863 
Hepatic vein, 129 
Hiccough, 284 
Hippuric acid, 46 

— in urine, 332 
Holoblastic ovum, 553 
Hommothermic temperature, 853 
Hunger and thirst, 458 
Hyaloid membrane of eye, 469 
Hydrocele fluid, 173 
Hydrochloric acid, 49 
Hypermetropia, 480 
Hypoblast, 12, 16, 558 
Hypoglossal nerve, 445 
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Kidney, pyramids of, 828 

— structure of tke, 821 
Kreatin, 45, 837 
Kreatinifi, 45 

— in urine, 832 
Kymograph, Ludwig’s, 239 

— Pick’s spring, 243 
Kymographic tracing, 257^ 


Ideas, 542 
Heo-csBcal valye, 89 
Incus, 505 • 

Indicau, 46 
Indifferent gases, 293 
Indirect vision, 491 
Indol, 46 

Induced current, 420 
Induction coil, Du Bois Eeymond’s, 
876 

Infusorium, 61 
InffltKtion of nerve cells, 432 
Inhibitory action, 522 
Inorganic bodies, 48 
Inosit, 47 
Insalivation, 106 
Inspiration, 268 

— forced, 272 
Inspiratory muscles, 269 
Intercellular substance, 11 
Intercostal muscles, 271 
Interlobular vein, 129 
Interstitial absorption, 149 
Intestinal absorption, 155 

— juice, functions of, 143 
motion, nervous mechanism of, 

91 

— secretion, 140 

— secretion, method of obtaining, 

142 

— movements, 87 
Intestine, development of, 578 

— large, 145 

— lymph follicles of, 157 • 

— putrefactive fermentation in the, 

• 146 

— structure of small, 140 
Intralobular vein, 129 
Inversion of tlm image, 475 
Irradiation, 492 
Irrespirable gases, 293 

Iris, 466, 482 

0 

Jejuitum, 89, 144 
Joints, 897 


Keratie, 42, 819 
Kidney, blood-vessels of, 828 

— convoluted tubes of, 822 

— development of the, 584 

— glomei^uB of, 328 


Labyrinth of ear, 499, 503, f67 
Lachrymal glands, 809 
Lacteals, 142, 148, 156 
Lactic fermentation, 47 
Lactose, 47 
Lacunae, 30 
Larynx, 263 

— anatomy of, 404 
‘Latent period, 383 

Lateral plates of embryo, 568 

Laughing, 284 

Law of contraction, 427 

Lecithin, 43 

Lens, crystalline, 469 

Leucin, 45, 125 

Leucocytes, 178 

Levatores costarum, 271 

Levers, orders of, 397 

Lieberkiihn’s follicles, 141 

Light impressions, 486 

Light, stimulation of retina by, 492 

Listing’s measurements, 476 

Liver cells, 130 

Liver, development of, 580 

— glycogenic function of the, 805 

— structure of, 128 
Long sight, 480 
Lumen of cell, 123 
Lungs, 262 

Lung sounds, 274, 278 

— tissue, 265 

Lungs, development of, 580 
Lymph and chyle, 163, 297 

— corpuscles, 164 

— follicles, 157 

— movement of the, 165 

— spaces in tendon, 149 
Lymphatic glands, 151 
Lymphatics, 14o 

Haxinu Shook, 418 ^ • 

Malassez’ apparatus for eonniing blood 
corpuscles, 1^5 
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fudgia o{» 646 ' 

505 

Halpigl^ bodies of spleen, 804 

— coxpnscles of kidney, 821 
Mammary glands, 812 
MaafeieatioD, 77 

Meat, 71 % 

Mechanical stimulation of muscle, 875 

— of nerve, 418 
Mercurflf manometer, 237 
MeduUa-oblongata as central organ, 580 

— as conductor, 628 

— decussation of fibres in, 529 

— respiratory centre in, 530 

— vaso-motor centre in, 681 
Medullary canal, 667 

— folds, 568. 666 

— groove, 553, 567 

— sheath, 22, 414 
Meibomian glands, 812 
Meissner*s plerus, 92, 114 
Membrane of Eeisner, 508 
Membranes of the chick, 555 
Memory, 642 
Menstruation, 561 

— and ovulation, 5 49 
Meroblastic ovum, 553 
Mesencephalon, the, 535 
Mesoblast, 12, 16, 553 
Metabolism, 297 
Metazoa, 14 
Micrococci, 66 
Micturition, 340 

— nervous mechanism of, 341 
Milk, 68 

— action of gastric juice on, 118 

— composition of, 315 

— influence of nervous system on 

secretion of, 316 

— mode of secretion of, 815 
Milk sugar, 47, 314 

— tests, 70 

Mitral valve, 207 
Moist chamber, 882 
Molecules, 5 
Morphology, 1 
Mox^a, 15 « 

— stage of the ovum, 652 
Motor nerve roots, 488 

Mouth, development of the, OOO^ 

M«uth digestion, 94 
Movements of the body, 899 
Mucin, 41, 810 ^ 


Mucous glands, 810 

— of tpngue, 96 

— tissue, 26 • 

Miillerian duct, 582 
Muscles, antag^stic, 897 

— of the eyeball, 496 

— of mastication, 78 

— origin and insertion of, 396 

— synergetic, 397 
Muscle, 23 

— active state of, 874 ^ 

— change in form during contrac- 

tion, 381 

— changes in structure during con- 

traction of, 377 

— chemical changes during con- 

traction of, 377 

— chemical change in, 869 

— chemical composition of, 369 

— consistence of, 368 

— contraction of, 881 

— elasticity of, 369 

— electrical changes in, 379 

— electric phenomena, 371 

— fatigue, 384, 390 

— heart, 209 

— histology of, 366 

— irritability of, 374 

— latent period, 383 

— maximum contraction, 887 

— natural currents in, 371 

— negative variation of current, 879 

— non-striated, 23 

— passive state of, 368 

— plasma, 86, 369 

— recording contraction of, 882 

— serum, 369 

— single contraction, 383 

— stimuli, 374 ^ 

— striated, 23, 366 

— summation, 387 

— temperature change during con- 

traction, 380 

— tetanus, 388 

— tone, 390 

— nnstriated, 395, 366 

— variations in the single contrac- 

tion, 385 

— wave of contraction, 886 
Muscle plates of embryo, 669 
Muscular co-ordination, 620 

— stimuli, different forms of, 374, 

876 

Muscularis mucosae, 88, 110 
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Musical notes or tones, 501 
Myographs, 382 
Myopia, 480 * 

Myosin, 39, 869 


Nasal ganglion, 441 
Nausea, 458 

Negative after image, 491 

— variation of muscle current, 879 
Nswi^, active state of, 417 

— ascending and descending cur- 

rents, 426 

— electric properties of, 416 

— electric change in, 421 

— electrotonus, 422 

— force, velocity of, 420 

— natural currents in, 417 

— optic, 405 

— tissue, 20 

— roots, 433 

— stimulation, negative variation, 

421 

-- stimuli, 418 

— terminals, 428 
Nerves, afferent, 21, 415 

— cranial, 436 

— efferent, 21, 415 

— excito- motor, 415 

— grey, 415 

— inhibitory, 415 

— intercentral, 415 

— mixed, 433 

— motor, 415 

— “ reflex, 415 
— * secretory, 415 

— sensory, 415 

— special physiology of, 433 

— spinal, 1433 

— vasa-motor, 415 

— white, 415 

— third pair of, 436 

— fourth pair of, 437 

— fifth*pair of, 439 

— sixth pair of, 437 

— seventh pair of, 437 

— eighth pair of, 442 

— ninth pair of, 445 
Nerve cells, 21 

— functions of, 430 

— in retina, 487 

— bipolar, 430 

— multipolar, 22, 480 

— unipolar, 430 


Nerve corpuscles, 413, 428 

— endings, 449 

— fibres, 21, 413 

— chemistry of, 416 

— fatigue of, 424 

— irritability of, 428 

Nerve muscle preparation^80, 417 
Nervous system, 413 

— medulla oblongata, 528 

— reflex action, 518 

— spinal cord, 513 
Neurii^ 44 
Neuroglia, 513 
Neuro-muacular cells, 20 
Nitrogen, 50 

— in expired air, 286 

— in the atmosphere, 285 
• Note, 463 

— development of the, 608 
Notochord, 553 

Nucleolus, 8 
Nucleus, 8, 10 
Nutrition, 348 

— and food stuffs, 63 

— tissue changes, 344 


Odontoblasts, 79 
(Esophagus, 82 

— development of, 580 
Olfactory bulb, 463 

— mucous membrane, 464 
Omphalo-mesentcric vessels, 592 
Ophthalmoscope, 485 

Optic axis of the eye, 474 

— disc, 485 

— lobes, 537 

— nerve, 488 

— nerve, terminals of the, 488 

— thalami, 538, 540 

— vesicle, 600 
Ora serrata, 490 
Organ of Corti, 510 
Organisms, characters of, 4 

— vital characters of, 51 
Ossicles of the middle ear, 604 
Ossifying cartilage, 31 
Osteoblasts, 32f 

Otic ganglion, 441 

— vesicle, 605 

OtolitHs, 508 
Ova^, 548 
Ovoid cells, 111 
Ovum, 546 • 
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OnoB) efaaoges in ihe, 551 
OzsJic acid in urine, 832 
Oz^rgen, 50 

— in expired air, 286 

— in the atxnoephere, 285 
Oxyhidino^obin, 87, 289 

PACOXiriAjr corpuscles, 451 
Pain, 4«i> 

Pancreas, IDevelopment of, 580 
— Structure of, 120 ^ 

Pancreatic digestion, 124 
Pancreatic juice, Composition of, 121 
— Mode of secretion of, 121 
Papillse of tongue, 94, 460 
Paiaglobulin (fibrinoplastin), 39 
Paramsecium, 16, 61 f 

Parapeptone, 116 
Parietal cells, 111 
Parotid gland, 96 
Pavy’s solution, 108 
Peduncles of cerebrum, 529 
Pepsin, 116 
Peptic cells. 111 
Peptone, 40 

— Conversion of proteid into, 116 

— tests for, 41 
Perception, 448 
Perilymph of inner ear, 506 
Peristaltic contraction of intestine, 85, 

92 

Perspiration, effect of nervous influence 
on, 318 

— insensible, 317 

— quantity given off, 318 

— sensible, 318 
Pettenkofer’s test for bile, 43, 135 
Peyer’s patch, 158 
Phakoscope, 479 

Pharynx, muscles of, 80 
ihaoenta, 561, 592 

— functions of the, 564 
PjUmts, food of, 63 
Plasmata, 35 

Pleura, function of the, 274 
Pneumogastric nerves, 281, 443 
pneumothorax, 275 * 

Poikilothermic animals, 353 
PoisoxioaB gases, 293 
Pol^sing current, 422 
Pons Varolii, 534 
Portal blood, 806 
vein, 128 


Poziio dura of seventh nerve, 437 

— molHs of seventh nerve, 499 
PoruB opticus, 488 ^ 

Positive after image, 491 
Potassium chloride, 49 
Potatoes, 72 
Presbyopia, 480 
Primitive groove, 16 

— nerve sheath, 22, 414 

— stneak, 566 
Products of tissue change, 42 
Protamceba, 9 

Protagon, 43 
Protista, 14 
ProtococcuB, 58 
Protoplasm, 4, 10, 35 

— effect of chemical stimulation, 

63 

— effect of electric stimulation, 63 

— effect of mechanical irritation of, 

52 

— effect of temperature on, 52 

— sensitiveness of, 63 

— movements of, 52 
Protoplasmic movements, differentiation 

of, 366 

Protovertebra, 568 
Protozoa, 14 
Pseudopodia, 52 
Ptyalin, 107 
Puerile breathing, 278 
Pulmonary capillaries, 288 
Pulse, the, 247 

— tracings, 249 

— variations in the, 251 
Pupil of eye, 467 

Pupil, circumstances affecting the, 484 

— contraction of, 484 

— dilatation of, 484 
Pylorus, 85 


Quadbatus lumborum, 271^^ 

Ranvibr’s nodes, 21, 414 
Receptaculum chyli, 150 
Recording apparatus, 238 
Recti muscles of the eye, 497 
Reflex action, 431 

— experiment on human subjec^ 

521 

— experiment on frogs, 520 

— in the spinal cord, 518 
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Bedes action, theoiy of^ 522 
Eeflez centres, special, 525 
Bedezion, 526 * 

— of nerve cells, 431 
Befiaction, 473 

Befracting media of the eye, 474 
B^roduction, 546 
Beserve air, 277 
Besidualair, 277 

Bespiration, afferent and efferent nerves, 
^ 282 

— automatic nerve centre, 280 

— chemistry of, 285 

— differences in male and female, 

269, 287 

— external, 261 

— internal or tissue, 261, 292 

— mechanism of, 260 

— nervous mechanism of, 278 

— of abnormal air, 292 

— variations of pressure in, 276 
Bespirations, rate of, 268 
Bespiratory centre in medulla oblon- 
gata, 530 

— gas interchange, 287 

— sounds, 278 
Bestiform bodies, 529 
Reticulum, 802 
Retina, 469, 477, 485 

— stimulation of the, 491 

— structure of, 488 
Revolving cylinder, 238 
Rheoscopic frog, 379 

Ribs, 266 • 

Rigor mortis, 393 
Ritters tetanus, 419 
Rods and cones, 488 

— of Corti, 510 
Rotation of tht eye-ball, 496 


Saccules of ear, 605 
Sacculated glands, 94 
Saliva, composition of, 97 
Salivary corpuscles, 98 
~ glands, 95 

Salivaiy secretion, nerve mechanism of, 
100 

— method of, 99 
Saponification, 125 
Saroolactic acid, 378 
Rurcous elements, 368 
Sarcolenuna, 24, 367 


ScaJeni muBcleei, 271 
^heiner’s experiment, 477 
Sclerotic coat of eye, 466 
Sebaceous glands, 311 
Secretions, 309 

Secreting gland cells, changes in, 104 
Segmentation in the ovun^52 
Semi-circular canals, 508 ^ 

— development of the, 605 

Semilunar valves, 207 ^ 

Sensations, geneial, 457 

Sense o# touch, 448 
Sensorium, 454 
Sensory nerve roots, 483 
Serratus posticus inferior, 278 
Serum albumin, 38 
Seventh nerve, 499 
•Sezpal distinction, 584 

— organs, development of the, 686 
Shivering, 459 

Sighing, 284 
Sight, long, 480 

— sho^ 480 
Skeletal muscles, 396 
Skin sensations, 448 

Skull and face, development of the, 
606 

Smell, sense of, 463 
Sneezing, 283 

— centre, 531 
Sobbing, 284 
Solar spectrum, 493 
Somatopleure, 555 
Sound, 499 

— amplitude of vibration, 500 

— conduction of, 502 

— conduction of, through the ear, 

505 

— conveyance of, in cochlea, 510 

— over-tones, 501, 612 

— pitch of note, 500 

— quality of notes, 501, 612 

— rat.e of, period of vibration, 600 

— tone, noise, 511 

— tones or musical notes, 601 

— transmission of, 601 

— transmission of, to the brain, 

512 • 

Sounds, classification of, 412 
Special reflex centres, micturition. 

525* ^ 

Special senses, 446 

— smell,. 463 

— taste, 460 
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%eeial senMS, tou^ 452 

— 'vitiioii, 465 
Spectrum, solar, 49$ 

Speech, 411 
Spermatozoa, 546 
SpheuopfUa^e ganglion, 441 
Spherical aberration, 461 
Sphygmogr^h, Marey’s, 249 
Spinal accessoiy nenre, 442 
Spina^rd, 513 

— automatic centres in the, 513 

— centres presiding ovir tonic 

muscular contraction, 526 
~ co-ordination of movements, 
520 

— decussation of fibres in the, 

517 

— development of, 571 r ,> 

— direction of nerve fibres in the, 

516 

— effect of section of, 517 

— ganglion cells in the, 513 

— nerve cells in the, 514 

— reflex action in the, 518 

— sweating centres in the, 526 

— vasa-motor centres, 626 

— white and grey substance of, 

513 

Spinal ganglion, 435 
Spinal nerves, 433 

— anterior and posterior roots of, 

616 

Spiral lamina of cochlea, 508 
Splanchnopleure, 556 
Spleen, 301 

— changes of blood in, 304 

— development of, 680 

— functions of the, 303 
Splenic pulp, 302 
Sputum, 311 

Standing, 399 

Stapedius muscle of ear, 506 
Stapes, 505 
Starch, tests for, 108 

— into grape sugar, conversion of, 

107 

Starvation, 344 
Stationary air, 277 ' 

Steno^s duct, 97 
Steapsin, 125 

Stjpup bone of ear, stapes, 505^ 
SiSmach digestion, 110 

— epithelium of, 111 
^ development of, 1578 


I 

Stomach, structure of, 84 

— motion of, 84 

— nerve influefice on, 85 
Striated muscle, 366 
Subling^ gland, 96 
Submaxillary ganglion, 442 

— gland, 96 
Sudoriferous glands, 317 
Summation, 387, 521 
Supra-repal capsule, 299 
Suspensory ligament of lens, 469| 
Sutures, 397 

Swallowing, 80 

Sweat, chemical composition of, 318 

Sweat glands, 317 

Sweating centres in spinal cord, 626 

Symphysis, 397 

Syntonin, 39 

Systole, 213 


Tactile nerve endings, 428 
Tambour, Marey’s, 218 
Taste buds, 460 

— sense of, 460 
Taurin, 45 

Tauro-cholic acid, 43, 134 
Tegmentum, 538 

Temperature, external variations of, 
362 

— internal variations of, 861 

— - maintenance of uniform, 359 

of mammals, 363 
*of man, 354 

j — measurement of, 354 

! — variations of, 354 * 

Tendon cellb, 27 
Tensor tympani muscle, 505 
Tetanus, 388 « 

Thermic stimulation of muscle, 375 

— of nerve, 418 
Thermometer, clinical, 354 

j Thoracic duct, 151 

— movements, 267 

— respiration, 268 
Thorax, 273 

— construction of, 268 
Thrombosis, 200 
Thymus gland, 300 
Thyroid body, 299 

Tidal air, 277 
Tissue changes, 344 
Tissues, classification of, 17 

— contractile, 365 
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Utillation, 459 
Tone, 511 

Teague, 460 • 

— papilla of, 94 
Tonic contraction, 266 
Tooth, crusta petrosa, 77 

— dentine, 77 

— enamel, 77 

— pulp cavity, 77 

Torula cerevisia, (yeast plant)^ 58 
Tfliii^uoipusoles (Meissner’s), 449 

— sense of locality, 452 

— sense of pressure, 454 

— temperature sense, 445 
Trabeculss, 151 

— of spleen, 301 
Triangularis sterni, 273 
Tricuspid valve, 206 
Trigeminus nerve, 439 
Trochlear nerve, 437 
Trommer’s test, 108 
Trypsin, 123 

Tubuli seminiferi, 547 
Tunica adventitia, 227 

— fibrosa, 548 

— granulosa, 549 

— intima, 228 

— media, 227 

— propria, 548 

— vasculosa, 548 

Tuning fork, demonstration of vibra- 
tions, 500 

— uses of, in measuring time, 382 

Tympanic membrane, 503 • 

Tyrosin, 45, 144 


Umbilical vessels, 592 
Umbilicus, 55% 

Unicellular organisms, 14 
Unstriated muscle, 366, 305 
Urachus, 560 
Urea, 44, 329 

— sour<^ of, 336 

— preparation of, 330 

— volumetric estimation of, 331 
Uric acid, 45, 331 

Ureters, 339 
Urinary calculi, 335 

— excretion, 321 

— secretion, nervous mechanism 

of, 338 
Urine, 325 

— abnormal constituents of, 334 


Urine, chemic^ composition of, 329 

— colouring matters of the, 883 

— gases in, 384 

— inoxganic salts in, 888 

— passage into bladder, 888 

— specific gravity of, 826 

— secretion of, 826 
Uterus, 568 

Utricle of ear, 605 


Vacuolos, 8 

— of paramsecium, 61 
Vagus nerve, 225, 443 

— effect on respiration, 281 
effect on heart, 224 

Valsalva’s experiment, 606 
Val^l» conniventes, 140 
Vasa-motor centre in medulla oblon- 
gata, 531 

— centres in spinal cord, 526 

— nerves, 255 

Vascular system, development of, 587 
Vas-defeiens, development of, 683 
Vegetable cells, 8 

— action of light on, 63 
Vegetable food, 72 

Veins, 230 

— development of the, 693 
Velocity of blood current, 252 
Venro advehentes, 593 

Vena porta, 305 
Venous blood, 288 

— system, development of the, 

596 

Ventilation, 293 
Ventricles of brain, 529 

— of heart, 206 
Vesicular breathing, 278 
Vestibule of ear, 605 
Vertebral plates of embryo, 668 
Villi, vessels of, 142 

Vision, 465 

— accommodation, 478 

— binocular, 498 

— inversion of image, 475 

— light impressions, 486 

— r^ractioB, 473 
Visual perceptions, 495 

— purple, 492 
Vital capacity, 277 

— phenomena, 6 

— point (n<»ud vital), 279 

Vitellin, 39 » 
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1?1teliiiie iiiemtauiei 549 

— y^ma, 5S9 
Vitreous hiunour, 469 
Yoioe» 464 

— nervous medianism of, 416 
^ properties of the hiunan, 409 

Yocsl cords, 404 
Yocaliaatioi^iisnechanism of, 406 
VoUtion, 526 
Yomith|k 85 
YorticeuI, 16, 62 

— oiliaiy motion of, 62 

— contractile stalk of, 62 


Walking and running, 402 
Warm-blooded animals, 353 
Water, 48 


Wharton’s duct, 07 

White substance of Sidiwann, 414 

Wolfit bodies, 582 


Xanxhin in urine, 332 


Yawning, 284 
Yeast plant, 58 
Yellow elastic tissue, 29 
Yellow spot, 486 
— structure of, 490 
Yolk sac, the, 558 


Zona pellucida, 549 
Zymogen, 124 


THE END. 
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